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A B S T R A C T 
Six field trials were conducted at Aligarh, western 
Uttar Pradesh (India), during the suixuner and winter season 
of (1992-94). Experiment 1 was a factorial randomised block 
design on summer moong var. T-44 conducted in 1992. 10 kg 
Ca/ha and 0.3% aqueous pyridoxine solution proved optimum 
for most of the growth and yield parameters giving 17.03% 
and 24.03% higher seed yield than the no-calcium and 
water-soaked controls respectively. Interaction effect was 
found significant only on N status at 15 and 30 DAS, P 
status at 30 DAS, K status at 30 and 45 DAS and Ca status at 
15 and 30 DAS. 
In Experiment 2 (1992-93), again a factorial 
randomised field trial, on mustard var. Varuna, out of four 
basal calcium doses tested, 40 kg Ca/ha and 0.02% aqueous 
pyridoxine solution proved optimum for most parameters 
studied. The improvement in yield by applying 40 kg Ca/ha 
was 25.35% and by the application of 0.02% pyridoxine, 
24.65%. However, the interaction effect was non-significant, 
exceptQn fresh and dry weight weight at 70 DAS. 
Experiment 3 (1992-93) was also a factorial 
randomised block design field trial on wheat var. HD-2204. 
20 kg Ca/ha and 0.04% aqueous pyridoxine solution proved 
optimum for most of the parameters studied. The increse in 
grain yield by applying 20 kg Ca/ha was 34.4% and by the 
 
 
 
 
 
  
 
 
 
application of pyridoxins (PYj) 17.27% over no calcium and 
water-soaked controls, respectively. The interaction effects 
was not significant on the parameters. The factorial 
randomised field trials (Experiments 4,_ 5 and 6) were 
conducted on summer moong var. T-44 in 1993 and on mustard 
var. Varuna and wheat var. HD-2204 during 1993-94. These 
were designed on the basis of the findings of Experiments 
1, 2 and 3 respectively. As the source of applied calcium in 
the earlier trials was gypsum (CaSO..2H2O), that contains 
sulphur also, the observed beneficial effect could not be 
assigned un-ec^uivocally to calcium alone. To remove this 
lacuna, it was decided to reschedule the basal doses of 
calcium for Experiments 4, 5 and 6 as under : 
Experiment 4 (summer moong) : (1) control no calcium 
and sulphur (03^8^); (2) 8 kg S/ha as K^SO. (CapSg) and (3) 
10 kg Ca + 8 kg S/ha as gypsum (Ca,QSg). Experiment 5 
(mustard) : (1) control (Ca.SQ), (2) 32 kg S/ha (CapS^,) and 
(3) 48 kg S/ha (CaQS^g),_ both as (NH^)2S0^,_ (4) 40 kg Ca/ha 
+ 32 kg S/ha (03^^832) and (5) 60 kg Ca/ha + 48 kg S/ha 
(CagpS^g); both as gypsum. Experiment 6 (wheat) : (1) 
control (Ca^jSQ); (2) 16 kg S/ha (CapS^g); (3) 32 kg S/ha 
(CapS^j).. both as (NH^)2S0^; (4) 20 kg Ca/ha + 16 kg S/ha 
(Ca2QSj^ g) and (5) 40 kg Ca/ha + 32 kg S/ha (Ca^QS32)». both 
applied as gypsum. The basal doses and sources of N, P and K 
were retained. All agricultural practices and sampling tech-
niques employed in Experiments 4, 5 and 6 as well as para-
meters studied were similar to those in Experiments 1,2 and 3 
 
 
 
 
 
  
 
 
 
respectively. However, for pre-sowing seed treatment, only 
one control (water-soaked) was taken, as it had proved at 
par with the other (unsoaked) control in Experiments 1,2 and 
3 . 
The data of Experiments 4,5 and 6 not only confirmed 
the findings of Experiments 1, 2 and 3 respectively but also 
revealed that the S in the applied gypsum had a role in 
increasing the various parameters studied. However, the role 
of Ca was pre-dominant. It may, therefore, be concluded that 
the application of Ca (as gypsum) could improve the yielding 
ability of these crops. This applies particularly to summer 
moong and mustard which show a substantial requirement for 
S. 
 
 
 
 
 
  
 
 
 
STUDIES ON THE EFFECT OF CALCIUM AND 
PYRIDOXINE APPLICATION ON THE 
PERFORMANCE OF Vigna radiata L. Wilczek, 
Brassica juncea L. Czem & Coss and 
Triticum aestivum L. 
SUBMITTED FOR THE DEGREE OF 
Boctor of ^liiloiopl)? ^ 
MOIMUnniM KHAN 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1995 
 
 
 
 
 
  
 
 
 
.D-2002 
•- y V 
y ' FEB ^^ ^^  
T4779 
 
 
 
 
 
  
 
 
 
DEDICATED 
TO 
MY PARENTS 
 
 
 
 
 
  
 
 
 
SAMIULLAH 
M.Sc., Ph. D. (Aug.), F. B. S. 
Professor of plant Phynology 
roffi. kQ\0\(s 
iRe.. /^^i^^/ 
Department of Botany 
ALIGAKH MUSLIM UNIVERSITY 
ALIGARH-202 002, INDIA 
Dated. 7 - 2 - n^jj 
CGKTIFI€ATE 
This is to certify that the thesis entitled. "Studies on the e£fect of calcium and 
pyridoxine application on the performance of Vigna radiataL.Wilczek. Brassica juncea L. 
Czem & Coss.and Triticum aestivum L. "submitted in partial fulfilment of the requirements 
for the degree of Doctor of philosophy in Botany, is a faithful record of the bonafide 
research work carried out at the Aligarh Muslim University, Aligarh by Mr. Moinuddin 
Khan under my guidance and supervision and that no part of it has been submitted for any 
degree or diploma. 
(SAMIULLAH) 
(Research Supervisor) 
 
 
 
 
 
  
 
 
 
ACKNOWLEDGEMENTS 
I am highly grateful to Prof. Samiullah, Department 
of Botany, Allgarh Muslim University, Aligarh, for his 
able guidance and continued interest in my progress. 
I owe a deep sense of gratitude to Prof. M.M.R.K. 
Atrldi who encouraged me from time to time during the 
preparation of this manuscript and to Prof. Wazabat 
Husaitt, Chairman, Department of Botany, A.M.U., for 
providing necessary facilities. 
I remain indebted to Drs. Agil Ahmad, Arif Inam, 
Feroz Mohammad, Nafees A. Khan, M.M.A. Khan, Saood Husain, 
Mohd. Yahiya, Tauheed Khan, Ozair Aziz and Nasreen Fatima 
for their cordial cooperation. 
I place on record my sincere thanks to my friends 
and colleagues Messrs. G.A. Subramanian, Shamsul Hayat, 
Azhar Sajjad, H.R. Ansari, Mohd. Mobin, Magsood Manzer, 
Arshad Hussain, Rafiullah Siddigui, Ahsan Khalig Siddigui, 
Mohd. Azam, Mohd. Nadeem and Saeed S. and to Ms. Roshan 
Ara Shah, Sofia Rafigue, Anis Fatima and Masooma Tajwar 
for their cooperation. 
I have no words to express my deepest gratitude to 
my parents, brothers, sisters for their constant moral 
support at every stage of my work. 
Lastly, the award of Research Fellowship by Aligarh 
Muslim University, Aligarh is gratefully acknowledged. 
(Ht^NUBVINKHAN) 
 
 
 
 
 
  
 
 
 
C O N T E N T S 
1. INTRODUCTION 
2. REVIEW OF LITERATURE 
3. MATERIALS AND METHODS 
4. EXPERIMENTAL RESULTS 
5. DISCUSSION 
6. SUMMARY 
7. REFERENCES 
8. APPENDIX 
PAGE NO. 
1 - 3 
4 - 4 9 
50 - 73 
74 _ 140 
141 - 155 
156 - 160 
1 - Xlll 
i - » 
****** 
**** 
** 
 
 
 
 
 
  
 
 
 
CHAPTER 1 
INTRODUCTION 
 
 
 
 
 
  
 
 
 
CHBiPTER 1 
INTRODUCTION 
Indian agriculture is primarily based on cereals, 
grain legumes (pulses) and oilseeds which in turn play a 
prominent role in the agricultural economy of India. Among 
these, wheat, moong and mustard are important crops and are 
consumed daily on a large scale. However, the production of 
these crops is not keeping pace with their ever-increasing 
demand day by day due to the population explosion". Under 
such circumstances, increase in their productivity is highly 
desirable, as their acreage cannot be increased appreciably. 
Crop production has became highly input oriented and 
the requirement for additional fertilisers has gone up 
considerably due to the replacement of older varieties with 
newer high yielding ones. These latter have many desirable 
qualities, including a shorter life span, and have thus 
opened up immense possibilities for increasing productivity. 
However, there has been a proportionate increase in the 
demand for fertiliser so as to obtain maximum yields. 
Therefore to make agricultural production not only 
commercially viabjLe but also attractive, attention has to be 
paid to economic and judicious use of fertilisers. This 
would require an insight into the compatibility of different 
crops chosen in rotation in terms of their ability to 
utilize various forms of nutrients (Afridi and Samiullah, 
 
 
 
 
 
  
 
 
 
1973; Marschner, 1986). Admittedly, emphasis has been given 
so far only to the application of nitrogen, phosphorus and 
potassium, surprisingly, inspite of the realization of its 
usefulness as an essential mineral nutrient, calcium has not 
received the attention of the farm scientists, although 
application of calcium to problem soils either directly by 
liming and application of gypsum or indirectly in the form 
of inorganic fertilisers, such as superphosphates is known 
to increase their fertility. Through cation exchange 
reactions, calcium is used to replace sodium in sodic soils 
of all calcium compounds, calcium sulphate (CaSO..2H_0)ji.e. 
gypsum is considered the best and cheapest source of this 
purpose (Donahue et £1^ . ,1990). It is, therefore, desirable 
to determine the optimum requirements of various crops for 
this nutrient (Millikan j, 1961, Evans and Sorger, 1966; 
Samiullah et al^ ., 1983). 
Further, it has been established that vitamins as 
well as their derivatives act as co-factors for various 
biochemical reactions. If the amount of a vitamin in the 
tissue is not sufficient, the entire system leading to the 
normal functioning of an organ will be affected (Schopefr 
1949J Khan, 1989). Thus, an inherent deficiency of one or 
the other vitamin in a crop plant, may ultimately result in 
poor economic yield. However, good yield even of such 
varieties may be ensured by the exogenous supply of the 
deficient vitamin. In this regard, pre-sowing seed treatment 
 
 
 
 
 
  
 
 
 
with pyridoxine has been employed successfully to augment 
early growth leading to enhanced productivity and quality of 
a number of crops, including cereals, legumes and oilseeds 
(Samiullah et al^ ., 1988). It is also noteworthy that the 
returns from the applied nitrogen and phosphorus proved 
extra ordinarily attractive if the seeds of the crop 
received such a treatment (Khan et^  £l^ ., 1987; Samiullah, 
et al. 1991 and 1992 i. 
With this tested expertise available to the present 
investigator, it was decided to undertake six field 
experiments to test the feasibility of the basal application 
of calcium for enhancing the performance of summer moong, 
mustard and wheat using seeds soaked in dilute pyridoxine 
solutions before sowing. 
The aims and objects of these field trials were : 
1. To determine the optimal requirement of calcium for 
summer moong after soaking the seeds in aqueous 
pyridoxine solution at the optimal dilution as 
established for the crop at Aligarh by Ansari (1986). 
2. To establish the optimal requirement of calcium and 
pyridoxine for mustard. 
3. To determine the optimal requirement of calcium and 
pyridoxine for wheat. 
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CHAPTER 
REVIEW OF LITERATURE 
2.1 Mineral nutrition of plants 
The use of farm yard manure is an old practice in 
agriculture adopted by farmers and even scientists until 
about the middle of the last century and it was believed 
that the entire nutritional requirements of corp plants were 
provided by applying adequate quantities of organic ferti-
lisers to the soil before sowing. For the first time, 
deSaussure (1804) chemically analysed soils as well as the 
ash of the plants growing in them. He came to the conclusion 
that the composition of the plants varied with the soil, the 
plant part analysed and the age of the plant. Thirty to 
forty years later, other workers, including Boussingault in 
France, Liebig in Germany, and Lawes and Gilbert in England, 
confirmed these findings and elaborated other aspects of 
mineral nutrition of plants. 
Sachs in 1860 and Knop in 1862 prepared solutions of 
salts supplying the major essential mineral nutrients and 
studied the importance of mineral nutrient for plant growth. 
Among the essential mineral nutrients, nitrogen, phosphorus, 
potassium, calcium, magnesium and sulphur are required in 
rather large quantities and have been named macronutrient 
elements. The elements that are required in small quantities 
by the plants are termed as micronutrient elements and 
 
 
 
 
 
  
 
 
 
include boron, chlorine, copper, iron, manganese, molybdenum 
and zinc (Epstein, 1978). It may be added, however that 
various crops plants require different levels of essential 
nutrients depending upon their utilisation capacity and 
these are supplied mainly through chemical fertilisers. 
Fertilisers are classified according to the 
particular nutrient element which forms their principal 
constituent- Thus, they may be grouped, for example, as 
nitrogenous fertilisers, phosphatic fertilisers and potassic 
fertilisers. The fertilisers added to the soil are not 
generally fully utilised by crop plants due to various 
factors (Donahue et al^., 1990). Variation in the root system 
of plants is one of the main factors. Although nitrogej^, 
phosphorus and potassium are of key importance in 
agriculture, other nutrients are in no way less important. 
Calcium is one of such essential elements. The significance 
of calcium is given in the following pages, keeping the 
importance of the present dissertation in view. 
2.2 Role of calcium 
A revolution is occurring in our thinking about the 
physiology and development of plants as we realise the 
2+ importance of calcium ion (Ca ) which is involved in many 
different proceses.The bulk of calcium ion in plant (vacoule 
of the cell) is found as salts of anions, including organic 
2+ acids, sulphates and phosphates. The concentration of Ca 
in healthy tissue ranges from about 0.2% (dry weight basis) 
to several per cent. Calcium is a relatively large divalent 
 
 
 
 
 
  
 
 
 
cation with a hydrated ionic radius of 0.412 nm and 
hydration energy of 1577 J/mol. It readily enters the 
apoplast and is bound in an exchangeable form to cell wall 
and at the exterior surface of the plasma membrane. Calcium 
can render some anions insoluble and thus reduces their 
activity. For example, oxalic acid is produced in 
potentially toxic quantities of some plants, but it is 
detoxified by the formation of insoluble calcium oxalate. 
Calcium also counteracts the effect of nutrient imbalances 
in the cell. An excess concentration of K or Na may injure 
the plant by promoting to much membrane permeability. The ill effect may 
be reversed by calcium (Streeter and Barta, 1988). In the 
absence of an exogenous calcium supply, root extension 
ceases within a few hours. Calcium is also involved in cell 
division (Burstrom, 1968; Schmit, 1981). In calcium 
deficient tissues, increased respiration rate has been 
observed and this is related to enhanced leakage of 
respiratory substrates from vacuoles to the respiratory 
enzymes in cytoplasm (Bangerth et £1^., 1972). Calcium 
stabilises cell membrane by bridging phosphate and 
carboxylate group of phospholipids (Coldwell and Hang, 1981) 
and protein preferentially at membrane surface (Legge et 
al., 1982). Calcium also plays a major role in membrane 
structure and plasticity. Calcium combines with pectins 
(long chain polymer carbohydrates). Its incorporation into 
cell wall with protein, serves as a "cement" and provides 
the strength to the structure and also gives it flexibility 
(Streeter and Barta, 1988). 
 
 
 
 
 
  
 
 
 
There are increasing evidences for a close link 
7 + 
between Ca and growth hormone action m plants. It has 
2+ been shown that Ca plays an important role in auxin 
transport and secretion (Dela Fuente, 1984), ethylene 
synthesis (Lesham et_ al., 1984), secretion of enzymes 
(Gasper et^  al., 1983; Jones and Jacobson, 1983), senescence 
(Lesham £t al., 1984) and gravitropism (Lee et £l., 1983; 
Slocum and Roux, 1983). Calcium also acts as a second 
messenger in the response of roots to auxin and gravity 
(Evans £t_. aj^ . , 1980;\Moore and Evans, 1986). Calcium has a 
regulatory role in a protein, calmodulin, which plays an 
important role in plant cell for both the regulation of free 
calcium in the cytosol and enzyme activation (Marme, 1983; 
Dieter^1984). Calcium increases the activity of enzymes like 
oC-amylase, phospholipases, and ATPase (Wyn Jones and Gunt, 
2+ 1967). In case of oC,~3niyl3se, the effect of Ca depends on 
the presence of the phytohormone GA (Jones and Carbonell, 
1984) and is more likely a reflection of a 
calcium/calmodulin induced enhancement of synthesis and 
secretion of this enzyme by the cell (Mitsui et^  £l_., 1984). 
In general, calcium stimulates membrane bound enzyme ATPase 
at the plasma membrane of roots of certain plant species 
(Kuiper et al^ ., 1974). The mobility of calcium from cell to 
cell and in the phloem is very slow and it is the only 
mineral nutrient, other than boron, which functions mainly 
outside the cytoplasm in the apoplast region. Most of its 
activity is related to its capacity for co-ordination with 
 
 
 
 
 
  
 
 
 
other metabolism by which it provides stable but reversible 
intermolecular linkage predominantly in the cell wall and 
the plasma membrane. Factors, such as humidity, root 
pressure and phytohormone activity influence the 
distribution of calcium in plant (Kirkby and Pilbeam, 1984). 
The available literature regarding the effect of 
calcium in the form of different salts/fertilisers 
containing calcium on the growth, yield and quality of 
cereals, legumes, oilseeds and other crop plants is reviewed 
below. 
Howard and Adams (1965) conducted a short term 
split-root experiment with cotton seedlings (Gossypium 
hirsutum) in which the upper portion of the root medium was 
a sandy loam surface soil and lower portion was either a 
nutrient solution or a sub-soil material, at various calcium 
levels. They found calcium as the only macronutrient ion 
required in the sub-surface of solution for primary root 
growth in the presence of other cations and that Ca was 
adequate at a concentration of 0.29 meq/1 but was deficient 
at 0.15 meq/1. However, in the presence of Mg and K the 
requirement of Ca increased. It was observed that root 
growth was inhibited in solution with a Ca/total cation 
ratio in terms of chemical equivalent at approximately 0.1 
or less. Regarding different pH, they observed that root 
length was inhibited only below pH 4.25 and pH range 4.3 to 
6.5 was considered suitable for root elongation. The Ca 
required in sub-surface media for root penetration was 
 
 
 
 
 
  
 
 
 
dependent upon Ca/total cation ratio rather than the Ca 
concentration of the medium. They also observed that the 
requirement of Ca was the same in soil solution and nutrient 
solution. Critical levels of exchangeable Ca were equal in 
Norfolk and Dickson sub-soil when Ca was expressed as a 
ratio of Ca to total exchangeable cations even though the 
clay fraction of Norfolk is kaolinite while the clay 
fraction of Dickson is vermiculite with some montomorilo-
nite. Norfolk sub-soil at pH 5.0 and Dickson sub-soil at pH 
4.6, as obtained from the field, contained adequate Ca for 
normal growth of primary cotton roots. 
Lowther and Loneragan (1968) studied the effect of 
ions on the nodulation of subterranean clover (Trifolium 
subterraneum) in culture solution. The data revealed that 
the growth of the host plant was not affected by the calcium 
concentration ranging from 246 to 720 /ag. However, the 
number of nodules per plant increased under this range. On 
the other hand, lowering the calcium concentration from 246 
to 4 AaM progressively decreased both growth of the plant and 
number of nodules. The transferring of plants after 10 days 
in lower calcium concentration to 720 AJLM for 7 days did not 
increase nodule number above those on plants treated 
continuously at low calcium. Similarly, transferring of 
plant from 720 -uM calcium to lower calcium treatment did not 
decrease nodule number much below those on plants grown 
continuously at 720 AiM calcium even though growth was 
depressed. Nodule development after its initiation proceeded 
 
 
 
 
 
  
 
 
 
10 
at concentrations of calcium too low for plant growth. On 
the basis of these observations, it was suggested that 
nodule infection or initiation needed higher calcium 
concentration than the development of nodules. The high 
calcium requirement for root infection or nodule initiation 
was not thought to be due to the effect on survival or 
growth of Rhizobium and could not be related to effect of 
calcium on tap root length, root hair development, or 
lateral root initiation. 
Loneragan et al^ . (1968) studied the requirement of 
calcium for growth of 30 grasses, cereals, legumes and herbs 
in solutions which were maintained at pH 5.7. They observed 
that some legumes and herbs grew much better at low 
concentration of calcium (2.5 and 10 AJLM) than many species 
of Gramineae. The minimum concentration required to produce 
maximum growth of plants and to eliminate calcium deficiency 
symptoms varied widely (2.5-1,000 xiM) within each group. At 
100 AiM, there were no calcium deficiency symptoms and all 
plants grew well. It was also observed that increasing the 
concentration of calcium to 1,000 JUM enhanced growth of only 
a few species. The concentration of <1 AiH showed severe 
deficiency symptoms in the tops of all species. The shoot 
and root growth of legumes and herbs was affected more 
severely as well as quickly than that of Gramineae. The 
roots of Gramineae appeared healthy for some time in the 
same solution but their relative growth rate decreased 
rapidly. The higher concentration (2.5-1,000 >uM) had marked 
 
 
 
 
 
  
 
 
 
11 
effect on Gramineae. They suggested that some distinct 
processes in the plants functioned differently at different 
range of calcium concentrations; for example, at extremely 
low concentration of calcium (<1 AiM) to which legumes and 
herbs were found more sensitive than Gramineae, the dominant 
process might involve ion exchange equilibria between 
calcium in the environment and in cell wall or membrane. At 
higher concentration (2.5-1,000 AJLM) , the processes of 
absorption of calcium from solution and translocation to 
plant tops were probably dominant. 
Loneragan and Snowball (1969) estimated calcium 
concentratin in tops and roots of 16 legumes. 7 cereals, 4 
grasses and 3 herbs grown under a wide range of calcium 
concentrations (0.3 to 1,000 >iiM) which were maintained 
constant in flowing culture solution at pH 5.7. They found 
that increasing the calcium concentration from 0.3 to 2.5-^M 
increased the yield greatly, while the calcium concentration 
in the tops remained constant. On the other hand, increasing 
the concentration of calcium from 10 to 1,000 -nM 
significantly increased the calcium concentration in tops 
but the yield of most of the species was not affected 
markedly. The concentration of calcium in tops of herbs and 
legumes was found very much higher than in grasses and 
cereals at luxury calcium supply. The increase in yield with 
constant calcium concentration in plant tops was believed to 
indicate the minimal functional requirement of the tops for 
 
 
 
 
 
  
 
 
 
12 
calcium. The average functional requirement of herb and 
legume tops was 0.1-0.2% of dry weight which was generally 
much lower and was about twice those of grasses and cereals 
(0.05-0.1%). On transferring the plant from higher to lower 
(1,000 to 0.3 >tiM) calcium concentration, it was observed 
that they developed calcium deficiency symptoms and grev; 
less than plants which had one-third to one-tenth the 
calcium concentration in their tops but which had been grown 
continuously in solution of low and constant concentration 
(2.5-10 >uM). 
Munns (1970) studied the interaction effect between 
hydrogen and calcium ions on root nodulation in Medicago 
sativa. It was observed that lowering the pH from 5.6 to 4.8 
increased the calcium concentration required to nodulate 
half of the plants from 0.1 mM to 6.0 mM. Below 0.2 mM 
calcium concentration or below 4.8 pH, nodulation was 
inhibited at all tested levels of the other variable. The 
extention of tap root was not affected by any of the pH 
treatment. However, below 0.2 mM calcium concentration, the 
growth of the roots became slow, stunted and stubby. The 
most acid-sensitive stage for the nodulation process was 
initiation of infection, which was also found the most 
calcium demanding one at pH 5.2. Once infection was 
initiated, infection threads still developed and nodules 
still grew despite transfer of plants to a solution too low 
in calcium to have permitted infection to begin. Treatment 
at 0.5 mM and 8 mM calcium at pH 5.2 before inoculation had 
 
 
 
 
 
  
 
 
 
13 
no significantly different effect on nodulation. Observation 
on root hair distribution suggested that developing nodules 
could suppress further infection by suppressing the emergence 
of root hairs on newly developing root. 
Puntakar et al^ . (1972) conducted a field experiment 
to study the effect of gypsum and manure alone or in 
combination on the yield of wheat var. Sonora-64. Gypsum was 
applied at the rate of 5, 10 and 20 ton/ha and manure was 
applied at 15 and 30 ton/ha. The crop was irrigated with 
bicarbonate-rich water. Regarding the performance of crop, 
it was noted that gypsum at 20 ton/ha alone gave maximum 
yield, followed by gypsum at 20 ton/ha when applied in 
combination with 15 or 30 tons of manure. The combination of 
20 ton/ha gypsum and 30 tons/ha manure was not found 
superior in comparison with highest dose of gypsum when 
applied alone. On the basis of the above observation, it was 
concluded that the application of gypsum at 20 ton/ha proved 
best for good harvest and to prevent the deterioration of 
soil irrigated with bicarbonate-rich water. 
Volz and Jacobson (1974) studied potassium uptake by 
excised roots of vetch (Vicia dasycarpa) and barley (Hordeum 
vulqare) and found vetch roots more responsive to pH and 
requiring ambient calcium concentration 100 times greater to 
overcome the deleterious effect of low pH. At pH values 
above 1, the addition of very low concentrations of calcium 
decreased the uptake of potassium by vetch roots more 
markedly than those of barley. Potassium uptake by vetch 
 
 
 
 
 
  
 
 
 
14 
in the presence of calcium led to potassium being 
sequestered into a non-exchangeable form and the process was 
dependent upon aerobic metabolism. The data revealed that 
the degree of specificity for calcium varied between these 
two plants and it was higher for vetch roots than for barley 
roots.The difference in response to calcium for vetch and 
barley was probably due to the higher exchange capacity of 
vetch roots than those of barley. 
Singh and Dahiya (1976) studied the effect of CaCO^ 
and iron on the availability of calcium, phosphorus, iron 
and manganese in pea (Pisum sativum) crop grown on a light 
textured soil which was marginal in exchangeable calcium. 
The experiment was conducted in a green house. Soil was 
treated with 0, 2, 4 and 8% CaCO- which was free from 
soluble iron and manganese. 
The iron treatment comprised 0, 5, 10 and 20 ppm 
ferrous sulphate. N, P and K were given basally, each at the 
rate of 15 ppm. Manganese was also added as manganese 
sulphate at the rate of 5 ppm. The sampling was done at 45 
DAS and 75 DAS to record dry matter yield, calcium, 
phosphorus, iron and manganese. Addition of CaCO- caused 
significant increase in dry matter yield without iron at 
both the stages of crop growth; but 8% CaCO- decreased the 
dry matter yield at the later growth stage. Dry matter yield 
increased with the addition of iron upto 10 ppm at 45 DAS 
and upto 5 ppm at 75 DAS. The iron concentration and uptake 
 
 
 
 
 
  
 
 
 
15 
of iron decreased with the increase in CaCO^ and increased 
with the application of iron at both the stages of crop 
growth. 
Phosphorus concentration and uptake were decreased by 
the application of CaCO^ and iron at both the stages. The 
concentration and uptake of manganese also decreased with 
the increase in CaCO_ and iron levels at 45 and 75 DAS. The 
concentration of calcium increased with the addition of 
CaCO- and the increase was to the extent of 80% at 45 DAS 
and, 53% at 75 DAS with 8% CaCO_, while the uptake of 
calcium increased more than 3 folds at 45 DAS and more than 
2 folds at 75 DAS. The concentration of calcium decreased 
with the application of iron but the uptake of calcium at 45 
DAS increased upto 10 ppm of iron sulphate and then 
decreased upto 5 ppm. 
Zsoldos and Karvaly (1978) studied the differences in 
potassium uptake of different segnments of excised roots of 
two thermophilic plants, i.e. rice (Oryza sativa Cv. Dunghan 
Shali) and cucumber (Cucumis sativus cv. Semega furtos) and 
a non-thermophilic plant, i.e. wheat (Triticum aestivum cv. 
Aurora) in the presence and absence of calcium at 0 and 
25°C, using radiotracer potassium (86 Rb ) technique. The 
-4 
calcium concentration used was 5x10 M CaSO.. In the case 4 
of rice and cucumber, an extra-ordinarily high potassium 
uptake was observed in the apical root portion at 0°C in the 
absence of calcium application. However, the presence of 
calcium lowered this abnormality. For wheat, normal pattern 
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of potassium uptake was observed under similar conditions. 
At 25°C, calcium-stimulated potassium uptake may appear in 
each root segment, depending upon the plant species and 
composition of the solution. The results indicated that 
there might be considerable differences in the composition 
of the cell wall and membrane of root cell of thermophilic 
and non-thermophilic plants, and in their ion-exchange 
properties, particularly in the apical region. 
Dahiya and Singh (1980) conducted a pot experiment on 
loamy sand soil to find out the effect of different levels 
of CaCO^ and farm yard manure (FYM) on the dry matter yield 
and nutrient uptake by oats (Avena sativa cv. HFO-114). They 
applied five levels of FYM (0, 0.5, 1, 2 and 4%) and four 
levels of CaCO_ (0, 2, 4 and 8%) to each pot which contained 
4 kg of soil. A uniform basal dose of N, P, K, Fe and Mn at 
the rate of 120, 60, 60, 5 and 10 ppm respectively was also 
applied to each pot. In general, application of CaCO^ and 
FYM significantly increased dry matter yield of oats. The 
concentration and uptake of P, Fe and Mn decreased 
significantly with increasing levels of CaCO^; but 
application of FYM resulted in a significant increase in the 
concentration and uptake of the nutrients. However, 
application of CaCO^ significantly increased the 
concentration and uptake of calcium; but the effect of FYM 
application in the presence (as well as in absence) of CaCO. 
was found negative. Application of increasing levels of 
CaCO^ and FYM significantly decreased the concentration as 
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well as uptake of Mn by the plants. 
Krishnapillai and Pethiyagoda (1980) conducted two pot 
experiment to study the effect of CaCO^ on efficacy of two 
sources of nitrogen, viz. ammonium sulphate and urea on 
young plant of tea (Comellia sinansis, cv. TRI-2025). In 
experiment one, the plants were divided into two groups of 
three each. One group of plants received ammonium sulphate 
with a suspension of 0.25% (w/v) calcium carbonate while the 
other group of plants received ammonium sulphate only as the 
source of nitrogen (105 ppm). In the other experiment, the 
plants were also divided into two groups of four each and 
one group of plants received urea as the source of nitrogen 
(105 ppm), while the other received urea with a suspension 
of 0.25% calcium carbonate. In both experiments, pots 
including blank received a daily application of 100 ml 
nutrient solution. It was observed that the addition of 
CaCO- to the nutrient solution containing ammonium sulphate, 
not only improved growth of the plants but also eliminated 
the toxic effect of ammonium ions. Nitrification also 
increased due to the inclusion of CaCO- in the nutrition 
solution. In the case where urea was used, only moderate 
(50%) nitrification was observed; but the nitrification was 
very rapid when CaCO^ was added to the urea containing 
solution. 
Sachan and Sharma (1981) perfoirmed a solution culture 
experiment on cucumber (Cucumis sativus cv. Sporu) to 
establish the absorption of calcium as an index for the 
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measurement of various root parameters. Absorption of 
calcium in shoot and various root parameters, viz. fresh 
weight, dry weight, length and surface area were assessed at 
weakly intervals. It was found that there was highly 
significant correlation between calcium uptake and various 
root parameters as well as among the root parameters. A 
continuous supply of calcium in the immediate vicinity of 
growing root apices was found to be the prime requirement 
for root growth. The calcium uptake by older root segments 
was negligible and stopped as soon as fresh root growth was 
checked. They suggested that reliable estimates of cucumber 
root parameters can very easily be made from the value of 
calcium uptake in the plant. 
Ssali (1981) studied the effect of various levels of 
CaCO^, inoculation and lime pelleting on nodulation, dry 
matter, yield and nitrogen content of bean plant (Phaseolus 
vulgaris cv. Canadian Wonder) in five acid soils in green 
house condition. The soil represented a range of pH from 3.9 
to 5.1 with exchangeable aluminium from 0.0 to 4 meg/100 g, 
exchangeable manganese from 0.35 to 2.32 meg/lOO g and 
percent carbon from 6.69 to 5.60. This pH range was selected 
depending upon the buffering capacity of each soil. To 
achieve the required pH, CaCO^ was applied. 
It was observed that application of CaC03 increased 
soil pH and exchangeable calcium in all soils but 
exchangeable aluminium and manganese decreased with 
increasing amount of CaCO^. Nodule weight decreased with 
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increasing percent carbon and at highest percent carbon no 
nodules were observed. Inoculation increased nodule weight, 
dry matter yield and percent nitrogen particularly at the 
low pH level. However, nodule weight and dry matter yield 
increased with soil pH where the seeds were not inoculated. 
At low organic matter content and with substantial amounts 
of aluminium and/or manganese, liming increasing nodule 
weight and dry matter yield and decreased exchangeable 
aluminium and/or manganese. At higher organic matter 
content, nodulation was very low or absent. However, low 
lime rates had little effect on exchangeable aluminium and 
calcium and dry matter yield; but higher lime rates 
decreased exchangeable aluminium and dry matter yield but 
increased exchangeable calcium. 
Emanuelsson (1984) performed three pot experiments on 
barley (Hordeum vulgare cv. Nordal and in experiment 2 cv. 
Welam as well) to study the relationship between root growth 
and calcium uptake. The pots were filled with a sand-perlite 
mixture and the bottom of the pots was replaced by a layer 
of peat. The peat had been brought to equilibrium with a 
CaCl- concentration corresponding to the test medium 
concentration. The test medium consisted of solution of 
CaClj. The solution differed by a factor of 10 in 
concentration, in the range 10 to 10~ M CaCl_ in 
-5 -2 
experiment 1 and 10 to 10 M CaCl, in experiments 2 and 
3. In addition 0.5 mM NaNO. was included in the test 
solution of experiment 3. In order to increase the ionic 
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strength, nutrients were supplied to the top of the pots 
five times during the experimental period. The growth of the 
roots in the test medium was examined daily by counting the 
total number of roots and the number of roots with laterals. 
The development of the number of roots and on exponential 
course vs time at all calcium concentrations and the 
development was delayed by lowering the calcium 
concentration. At harvest, it was found that the size of the 
roots decreased with decreasing cacium concentration to a 
certain extent. 
Golakiya and Patel (1986) conducted a pot experiment 
to study the effect of four levels of CaCO. (0, 10, 20 and 
30%) and five levels of boron (0, 0.25, 0.50, 1.0 and 2.0 
ppm) on the yield and its attributes in groundnut (Arachlq 
hypoqea, cv. GAUG 1). It v/as observed that application of 
CaCO^ decreased flower number, total number of pegs, dry 
matter yield, shelling percentage and pod yield/pot, while 
the number of effective pages increased. As far as boron was 
concerned, it was noted that its application decreased dry 
matter yield, number of undeveloped pods, percentage of 
pops, number of effective pegs, total number of pegs, 
shelling percentage, pod yield and nodule count. Number of 
immature pods decreased at 0.25 ppm, increased at 0.50 ppm 
while the reverse was the case for number of mature pods; 
but, at 1.0 ppm, both mature as well as immature pods increased. 
Jean and Allen (1987) observed calcium oonoentration 
in the tissue and severity of calcium deficiency in two 
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calcium efficient and three calcium inefficient tomato 
(Lycopersicon esculentum) lines. These lines were selected 
on the basis of dry matter production. The plants were grown 
in nutrient solution containing six levels of calcium, 
ranging from 15 to 365 mg/1, with 70 mg/1 increments. It was 
observed that the concentrations of calcium in the shoot 
were 0.25% and 0.4% in calcium efficient and calcium 
inefficient lines respectively. The concentration of Ca, K, 
Mg, P and NOJ were lower in shoots except for magnesium, 
which was lower in roots of efficient than in the 
inefficient plants. Moreover, all lines responded to 
increased supply of calcium by enhancing dry weight 
concomitant with the accumulation of calcium. The 
concentration of other nutrients decreased with the increase 
in calcium in shoot and roots as more calcium was available 
in the medium. 
Grieve and Fujiyama (1987) studied the response of 
two cultivars ("M-9" and "M-201") of rice (Oryza sativa) to 
nutrient culture salinated at -0.4 MPa with varying ratio of 
sodium and calcium. They reported that at the highest Na/Ca 
ratio (198 on a molar basis) shoot exhibited calcium 
deficiency symptoms. These symptoms included tightly rolled 
emerging blades, tips withered and adjacent blades adhered 
to one another. Fresh and dry matter production was lowest 
at high Na/Ca. Maximum shoot growth of plants occurred when 
Na/Ca ratio was 18, and decreased with increasing calcium. 
The correlation between Na/Ca and seedling growth was highly 
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significant for "M-201", but marginally so for "M-9". Sodium 
concentration in the shoot decreased as the Na/Ca ratio in 
the external solution decreased and induced inhibition of 
calcium uptake and transport, which appeared to be more 
limiting to shoot growth of both cultivars than soditim 
toxicity per se. 
Behling et a_l. (1989) studied the distribution and 
utilisation of calcium by two tomato (Lycopersicon 
esculentum Mill.) lines. One was calcium-efficient (113E) 
and the other calcium-inefficient (671), both grown under 
low calcium stress. The strains of tomato differed in the 
utilisation efficiency of calcium, expressed as CaER (mg of 
dry weight produced for each mg of calcium absorbed by 
plant). It was suggested that the calcium efficiency in 
strain (113E) had a slow movement of absorbed calcium, 
allowing for the continuous growth of the shoot apex and 
upper lamina under calcium deficiency condition. On the 
other hand, in calcium-inefficient strain (671), calcium was 
rapidly deposited in the lower leaves with little upward 
movements in the plants after absorption. The separation of 
tissue calcium into various forms suggested that calcium-
inefficiency was associated with higher concentration of 
insoluble calcium in the shoot tissue. The calcium-efficient 
strain sustained growth at lower level of calcium and 
maintained a higher ratio of soluble to insoluble calcium in 
all shoot tissue. However in Ca-inefficient strain the 
calcium was concentrated in the lower plant tissues, which 
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limited its availability for continuous shoot growth. 
Autoradiographs suggested that the upward movement of 
calcium was sustained in line 113 (E), in spite of vastly 
reduced transpiration rates and a root system characterised 
by leakage of potassium ions from the roots back into the 
solution. 
Pijenborg et^  al^ . (1990) conducted an experiment on 
lucerne (Medicago sativa cv. Resis) to study the effect of 
calcium on the nodulation using EGTA, [ethylene glycol-bis 
(tfC-amino-ethyl ehter) N,N,N',N'-tetraacetic acid), a calcium 
chelator. The plants were grown either in hydroponic culture 
or in rhizotron culture. The seeds were inoculated with 
Rhizobium meliloti strain K-24. It was observed that the 
number of nodules was optimum at 0.02 mM calcium given in 
the form of CaCl_; but when calcium was not given the number 
of nodules decreased by 70% and similar decrease was 
observed with 0.2 mM calcium solution in the presence of 0.2 
mM EGTA. At 0.4 M EGTA, root growth was reduced and nodule 
development was totally inhibited. However, nodulation was 
restored specifically by the addition of a higher dose of 
calcium, viz. 0.8M CaCl^, to the 0.2 mM calcium solution 
containing 0.4 EGTA but not with MgCl_. It was also observed 
that addition of chelator completely eliminated the 
nitrogenase activity and reduced dry weight by 50%. When the 
plants were grown in rhizotrons, 67% seedlings became 
nodulated when the soil around the seeds was changed from pH 
5.2 to 6.1 and hence neutralised locally with 1.0 AiM of 
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K^CO^ in drops of 12 -Ml volume. Removal of calcium by the 
application of 2 ^  mol of EGTA reduced nodulation by 12% and 
soil pH from 6.1 to 5.2 and under this condition even the 
application of phosphate buffer failed to keep soil pH 
stable. However, such a drastic decrease in pH was avoided 
by placing agar blocks containing 6 >uM of EGTA for three 
hours on freshly developed roots. This treatment reduced 
nodulation from 87% to 32%, with soil pH getting lowered 
from 6.2 to 6.0 only. Like hydroponic system, here also 
nodulation was restored by adding 2 MM of CaCl_ and the use 
of MgCl~ had no effect- The calcium-sensitivity of 
nodulation with course of time was also studied. They 
observed that depletion of soil calcium could depress 
nodulation only during the first day after inoculation and 
concluded that calcium had different modes of action in the 
symbiotic process during the initiation and formation of the 
nodules. 
Pinjenborg and Lie (1990 ) studied the effect of lime 
pelleting on the nodulation of lucerne (Medicago sativa) in 
an acid soil. The comparative study was carried out in the 
field, in pots and in rhizotrons. The seeds were either 
inoculated with Rhizobium meliloti (R) or inoculated and 
pelleted with lime (RP). In field condition, lime pelleting 
(PR) was found superior to inoculation (R) with regard to 
seedling establishment and nitrogen yield. This positive 
response of lime pelleting was the result of higher 
nodulation on the upper 10 nun of the top root of seedlings. 
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The number of seedlings carrying crown nodules increased 
from 18% (R) to 56% (PR) at 26 days after sowing. Like field 
conditions, in pots and rhizotrons also, lime pelleting 
increased crown nodulation. In pots, the increase was from 
32% (R) to 60% (PR) and in rhizotrons from 5% (R) to 90% 
(PR). Rhizotron was found more suitable for following the 
early development of root. It was concluded that crown 
nodulation may be used to quantify the benefit of 
lime-pelleting. 
•Oyewole and Aduayi (1992) performed an experiment on 
tomato (Lycopersicon esculentum Ife Plum cv. 51691) grown in 
soil culture for 5 months and treated with calcium at 
concentrations of 0, 40, 80 and 160 ppm as Ca(0H)2 and boron 
at 0.1, 2, 4, 8 and 16 ppm as H_BO_. It was observed that by 
the application of calcium alone from 0 to 160 ppm, leaf 
number decreased; but percent floral abortion increased at 
160 ppm. When boron was applied upto 2 ppm without the 
addition of calcium, it increased floral number and stem 
diameter. Aborted flowers increased as boron supply 
increased consistently upto 4 ppm and decreased with higher 
rates of boron. Fruit yield increased with the combined 
application of 2 ppm boron and 160 ppm calcium, while at 
higher rates of boron, viz. 8 and 16 ppm yield decreased. It 
was also noted that application of calcium at 4 0 and 80 ppm 
suppressed the toxic effect of higher levels of boron on 
leaf number, stem diameter and floral number. However, the 
effects of the highest boron treatment (16 ppm) were not 
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reversed by calcium supply. Leaf N, K, Na and B was 
decreased and leaf calcium and magnesium increased with 
increasing application of calcium from 0 to 160 ppm. 
Increasing boron supply decreased leaf N, P and increased 
leaf K, Ca, Mg and Na. A highly significant increase in leaf 
boron was observed as boron fertilisation rates increased. 
Per cent citric acid and crude fibre increased and total 
chlorophyll content decreased. A decrease in total 
chlorophyll content was observed as boron increased from 4 
to 16 ppm at all calcium levels. It was concluded that 
tomato yield of 13.8 ton/ha could be obtained by the 
combined application of 160 ppm (358.4 kg/ha) calcium and 2 
ppm boron (4.401 kg/ha), corresponding to a B:Ca of 1:80. 
However, it was also observed that excessive calcium 
application in combination with less than 2 ppm boron 
decreased boron uptake and consequently boron deficiency 
symptoms developed in plants. 
2.3 Role of Vitamins 
Vitamins are organic compound which are required in 
small quantities for normal growth and development of 
organisms. However, they do not furnish energy and are not 
utilised as building units for the structure of organisms. 
These compounds act as co-enzyme in a number of enzyme 
systems and thus take part in the regulation of metabolism. 
All known vitamins are synthesised by green plants with the 
exception of vitamin D. (Schopfer, 1949). 
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Hopkins in 1906 called these nutritional element?/ 
required in addition to carbohydrates, fats, proteins,salt 
and water "accessory factors". Funk in 1912 was the first to 
isolate an amine from rice husks and polishings that 
alleviated the symptoms of the disease "beri beri". He 
called these compounds "vitamine" and finally, Drummond in 
1920, dropped the terminal *e' of "vitamine" and proposed 
the generic term "vitamin" which was accepted by later 
workers. Osborne and Mendal, and McCollum and Davis in 1915 
distinguished two main types of vitamins on the basis of 
their differential solubility and called them fat-soluble 
and water-soluble. The fat-soluble vitamins include A, D, E 
and K while water-soluble vitamins cover B and C. Folker in 
1969 gave the definition of vitamins. It reads as "an 
organic substance of a nutritional nature, present in low 
concentration as a natural component of enzyme systems and 
catalyses required reactions and may be derived externally 
to the tissue or by intrinsic biosynthesis" (Morton, 1974). 
The role of B vitamins in plants has been eluciated 
to some extent during the first half of the present century 
(Bonner and Bonner, 19 48). Vitamin B has been proved to be a 
mixture of compounds which is referred today as the vitamin 
B complex. The vitamins isolated and identified from this 
complex were designated as thiamine (vitamin B,), riboflavin 
1 
(vitamin B2), niacin, pyridoxine (vitamin Bg), pantothenic 
acid, folic acid, inositol, biotin and cyanocobalamine. In 
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the following pages the properties and function of 
pyridoxine (vitamin B,) and its effect on the performance of 
plants have been reviewed. 
2.4 Role of pyridoxine (vitamin B^) 
b 
Pyridoxine was isolated in crystalline form from 
yeast by Kuhn and Wendt in 1939 and Gyorgy and Eckhardt in 
1939 and suggested the term pyridoxine. Harris and Folkers 
(1939) and Stiller et al_. (1939) established that vitamin B 
was a pyrimidine derivative, being methyl-3 hydroxy-4-5-di 
(hydroxy-methyl) pyrimidine. Kuhn and Wendt in 1939 proposed 
the following chemical structure of pyridoxine 
Pyridoxine is a colourless, crystalline powder, ha^ a 
slightly bitter taste and melts at 160°C.It is crystallisnH 
in the form of various salts, for example, as hydrochloride, 
m.p. 204-206°C, empirical formula CgH O^H. HCl and is 
readily soluble in water (1 g in 4.5 ml water) and alcohol 
(1 g in 90 ml alcohol). Pyridoxine occurs in three forms, 
viz. pyridoxine, pyridoxal phosphate and pyridoximino 
phosphate. It serves as the tightly bound prosthetic group 
of a number of enzyme, such as decarboxylases, lyases, 
synthases and aminotransferases. In aminotransferase 
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reactions it serves as a transient intermediate carrier of 
the amino group from donor to acceptor (Lehninger^1986). 
It may be added that vitamin Bg is necessary for all 
living organisms. It is proposed to review the literature 
pertaining to vitamins of B group as a whole in the 
following pages with particular emphasis on pyridoxine (Bg) 
in relation to plants. 
Bonner and Devirian (1939) cultured excised roots of 
various plants in nutrient media. Isolated pea roots grew 
for an unlimited period in a medium containing vitamin B, , 
nicotinic acid, mineral salts and sucrose at the rate of 
70-85 mm/week. This growth rate remained unaltered even 
though various other chemical compounds, including vitamin 
B_, B,, C, E, K, adenine, thelin,, B-alanine, pantothenic 
acid and numerous amino acids were added. The rate of growth 
of isolated radish roots was 15 mm/week when they were grown 
through 15 passages in the presence of vitamin B^  and 
nicotinic acid. These vitamins were found indispensable to 
maintain normal growth of the roots of these plants. The 
addition of other chemical compounds listed above was found 
ineffective. Simiarly, excised flax roots responded only to 
vitamin B^ and grew at the rate of 150 mm/week. On the other 
hand, excised roots of tomato showed a growth rate of 40 
mm/week in the presence of vitamin B. and Eg. This rate was 
further enhanced upto 60 mm/week on supplementing the 
nutrient medium with nicotinic acid. According to the 
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authors, these studies revealed that excised roots of 
various plants required different growth factors in the 
nutrient medium. 
Robbins and Schmidt (1939) found that addition of 
light brown sugar in nutrient medium was more beneficial for 
the growth of excised tomato roots than pure cane sugar. The 
growth of roots decreased when light brown sugar was 
replaced by its ash (treated with hydrochloric acid) or pure 
cane sugar, containing minerals, nicotinic acid, 
nicotinamide, thiamine and amino acids. However, addition of 
pyridoxine with pure cane sugar in the nutrient medium, 
promoted growth of roots. Addition of pyridoxine also 
induced the development of hooks and curls, indicating that 
it caused the elongation of cells. These observations showed 
that light brown sugar contains some growth factors. 
Bonner (1940) investigated root growth factor 
requirements of several plants iji vitro. Excised roots of 
alfalfa, clover and cotton needed vitamin B^  and nicotinic 
acid for their luxurious growth. However, addition of 
vitamin Bg was not found beneficial for further root growth. 
Regarding other plants, isolated roots of datura (Datura 
stramonium) and sunflower (Helianthus annuus) showed profuse 
growth in the presence of vitamin B,, B, and nicotinic acid. 
1 b 
Similarly, isolated roots of carrot required vitamin B and 
Bg but the addition of nicotinic acid was of no use. In the 
case of five different strains of tomato, vitamins B, and B^ 
1 o 
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proved beneficial for root growth which was further promoted 
by the inclusion of nicotinic acid in the medium. At the 
same time, excised roots of clover and flax were found to 
synthesis vitamin B^ in small amounts. Therefore, they 
maintained sub-optimal growth even in the absence of this 
vitamin. 
White (1940) studied the effect of vitamin Bg, 
nicotinic acid and pyridine in the presence of sufficient 
thiamine in nutrient medium on the growth of excised roots 
of two tomato strains. Surprisingly, these strains of tomato 
did not significantly respond to vitamin B,, nicotinic acid 
and pyridine. He, therefore, concluded that these strains of 
tomato contained adequate amount of these substances to 
support root growth under the experimental condition. 
Day (1941) successfully cultured excised tomato roots 
in a nutrient medium containing 1.0% sucrose and 0.5% 
purified agar to which thiamine, pyridoxine, nicotinamide, 
neopeptone, glutamic acid and glycine were added in 
different combinations. It was observed that, with the 
addition of thiamine, root tips grew about 2.0 mm daily. In 
the same experiment, where pyridoxine was added to the agar 
medium containing, thiamine, similar root tips generally 
showed a daily increment of 5.0-6.0 mm, or in several 
passages as much as 8.0 mm. Supplementing this medium with 
nicotinamide had no effect on the rate of growth of roots. 
On the other hand, addition of neopeptone decreased the rate 
of growth to two thirds of that in the medium containing 
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thiamine and pyridoxine. Addition of glutamic acid to the 
agar medium containing thiamine decreased the growth of 
roots. The addition of glycine to the agar medium containing 
thiamine had no effect. On the basis of these observations, 
it was concluded that pyridoxine had a marked beneficial 
effect in promoting root growth. 
Minnum (1941a) grew radish and cauliflower in sand 
supplied with Hoagland solution plus minor elements. He 
treated pots by weighing out the necessary number of mg of 
pure crystalline vitamins B. , B^ and B- and adding 
sufficient amount of water so that 1 ml solution contained 1 
mg of vitamins. Vitaflor, a commercial compound containing 
0.1% vitamin B^ , 0.5% nicotinic acid and traces of vitamin 
B„, B^ and pantothenic acid, was also included in the scheme 
of treatments. It was observed that none of the treatments 
had any influence on these two vegetables. 
In a subsequent experiment, Minnum (1941b) 
treated roots of cauliflower, muskmelon, beets, 
sweetcorn, summer squash, potato, snap beens, peppers and 
radish with solution of pure crystalline vitaflox (vitamins, 
commercial compound containing vitamin B. , B_ and B^ etc.) 
or brewer's yeast. It was found that none of the treatments 
effected the productivity of these plants significantly. 
Robbins (1942) noted the effect of twelve analogues 
of pyridoxine on the growth of excised tomato roots in the 
presence of thiamine. Out of the twelve analogues tested. 
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nine were inactive. Acetylation of pyridoxine and 
substitution of an ethyl for the methyl group in the second 
position of the pyridoxine ring did not reduce the activity. 
He concluded that pyridoxine had a high degree of 
specificity for the growth of excised tomato roots. 
Day (1943) transferred uniform pieces of inoculum 
from tomato roots grown for 57 or more passages in a 
mineral-sugar solution containing thiamine or its thiazole 
intermediate to petridishes, containing a modified Pfeffer's 
solution with 1% sucrose and 0.5% purified agar. To this 
medium thiamine, pyridoxine, nicotinamide, neopeptone, 
glutamic acid and glycine were added in various 
combinations. They were incubated in moist chamber at 25°C 
in the dark. In basal agar with no added growth substance, 
the roots seldom grew for more than two passages. With the 
addition of thiamine the root tips grew about 1.77 mm daily 
for an unlimited number of passages. When pyridoxine was 
added to the agar medium with the thiamine the daily rate 
was about 5.2 mm and the roots in this medium showed the 
characteristic hooks and curls. She further observed that 
supplementing this medium with nicotinamide had no 
appreciable effect on the rate of growth and the addition of 
neopeptone decreased it. However, further addition of 
glutamic acid to the agar medium containing thaimine had 
little or no effect. 
Noggle and Wynd (1943) noted the effect of vitamins 
on germination and growth of orchid seeds. Orchids Cattleya 
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trianeae cv. mooreana and C. schrooderae seeds germinated 
and produced normal growth in an artificial nutrient medium 
when one lot of maltose was used; but there was no 
germination and seedling growth did not occur when a more 
purified maltose was used. This inhibitory effect was not 
overcome by the addition of thiamine hydrochloride, ascorbic 
acid (vitamin C) or calcium pantothenate (chick 
antidermatitis factor) when grown in the presence of 
purified maltose in the growth medium. However, a few seed 
germinated and slow development of seedlings occurred when 
riboflavin was present in the medium. Further, they observed 
that the presence of pyridoxine permitted good germination 
but poor seedling development, but good germination as well 
as excellent development of the seedlings occurred when 
nicotinic acid was supplied in the nutrient medium. 
Almestrand (1950) tested the effect of thiamine, 
pyridoxine and niacin added to the solution medium on 
excised roots of wheat. He noted that pyridoxine alone had a 
marked effect on growth of wheat roots by promoting 
meristematic cell division. Optimum growth of the roots was 
obtained in ^ pyridoxine concentrations ranging from 0.5 to 
1.0 mg/1 at 27-28°C. 
Later, Almestrand (1951) observed the effect of 
pyridoxine and its derivatives (pyridoxal phosphate and 
pyridoxamine) on the growth and metabolism of strains of 
wheat, barley, oats and rye. The pyridoxine sensitive wheat 
variety Eroica showed marked increase in root length. 
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whereas other varieties were not affected by the application 
of the vitamin. In order to study the metabolism, two wheat 
strains, namely Eroica-pyridoxine sensitive and Virtus-
pyridoxine insensitive, were selected. It was noted that the 
absorption of glucose phosphate and nitrate uptake in 
Eroica wheat responded significantly to the applied 
pyridoxine concentration, while Vitrus did not show any 
response to pyridoxine treatment with regard to absorption 
of glucose and the ions. It was further noted that the 
effect of pyridoxine derivatives, i.e. pyridoxal phosphate 
and pyridoxamine, was similar to that of the mother 
compound. However, barley, oats and rye strains did not show 
any response to either pyridoxine or to its derivatives. 
Lee and Whaley (1953) studied the effect of 
individual or combined vitamin supplement of thaimine, 
niacin and pyridoxine to culture medium for 4 weeks on the 
growth of excised tomato roots. The roots were grown in 
culture media (a) containing no vitamins and (b) containing 
thiamine, niacin, and pyridoxine alone or in combinations. 
They noted that growth in all media was about the same 
during the first week. Little additional growth was obtained 
from roots grown in media containing pyridoxine or niacin 
alone. In media containing thiamine alone or combinations of 
any two or three of the vitamins, growth of roots was 
significantly higher than in the other media. Further, in 
the medium containing all the three vitamins, growth of 
roots was significantly more than in any other medium. 
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However, between the third and fourth week, growth in 
culture was markedly decreased. They concluded that the best 
period far investigation of the effect of growth substances 
under their experimental conditions was during the second 
and third week . 
Boll (1954) observed that a clone of excised tomato 
roots required thiamine, pyridoxine and niacin for optimal 
growth and could also be maintained in a medium supplemented 
only with thiamine and pyridoxine. It was also found that 
pyridoxine was replaceable by pyridoxal or pyridoxamine. The 
order of activity was pyridoxal > pyridoxine > pyridoxamine. 
Likewise, niacin was replaceable by niacinamide. However, 
niacinamide was, in general, more active. He further noted 
that pyridoxine could be replaced with glycine. This 
replacement was more pronounced in the presence than in the 
absence of niacin. In basal medium containing thiamine, 
pyridoxine and niacin, the addition of glycine at certain 
concentrations of pyridoxine increased the level of growth 
to that obtained with optimal concentration of pyridoxine. 
It was also observed that glycine and pyridoxine had similar 
morphogenetic effect on the growth of roots. Moreover, 
glycine seemed to exert an independent effect upon the 
initiation of laterals. It was concluded that the morphology 
of root was controlled by balanced growth factors given in 
the medium. 
 
 
 
 
 
  
 
 
 
37 
Fujiwara and Ojima (1954) studied the effect of 
thiamine, pyridoxine and niacin on the growth of excised 
root tips of rice and wheat in liquid medium. The root tips 
of rice responded positively to thiamine or pyridoxine 
application. However, in case of wheat, pyridoxine gave 
better results. They further observed that the excised plant 
roots attached to their scutella grew much longer than their 
root tips and showed no reaction to vitamins. 
Fries (1955a) compared the biosynthetic capabilities 
of decotylised pea seedlings grown in the dark with those of 
excised roots of same plant. The decotylised pea seedlings 
required a mixture of water-soluble vitamins and various 
amino acids in sucrose-mineral salt medium for their optimum 
growth. Excised roots, on the other hand, remained 
unaffected by the application of these substances and 
attained a length of 150 mm even in the absence of the 
vitamins. From this, he inferred that excised roots had 
adequate reserve of vitamins. However, the roots ceased to 
grow after one or two transfers; but the growth was again 
maintained on supplying thiamine and niacin. In case of pea 
seedlings, the growth diminished very soon in a medium 
lacking the vitamins and the main root did not grow beyond 
100 mm. The growth of the seedlings was further maintained 
by inclusion of thiamine and pyridoxine. However, niacin 
showed either poor or no effect. These studies showed that 
shoots failed to produce vitamins in the dark and consumed 
the vitamin reserves of the hypocotyl and young roots for 
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their growth. 
Fries (1955b) also worked out the doses of thiamine 
and pyridoxine which could support the growth of decotylised 
pea seedlings in the dark on an agar-nutrient medium 
containing niacinamide and various amino acid. 10 g of 
thiamine and 100 Aig of pyridoxine /I were required to main-
tain normal growth of the seedlings. However, the growth and 
development of these seedlings was regulated independently 
by thiamine, pyridoxine and niacin. It was also observed 
that, even in light, the added thiamine alone controlled the 
growth rate considerably, suggesting that the synthesis of 
thiamine in light could not keep pace with the optimum 
requirement of the seedlings. 
Brusca and Haas (1957) studied the effect of several 
chemically pure salts of organic compounds on citrus grown 
in sand culture. Addition of vitamin B, (0.01 and 0.2 
g/plant) and vitamin B^  _ (0.02 g/plant) to the nutrient 
solution was found to stimulate the growth of citrus plants. 
Barbieri (1959) performed a pot culture experiment on 
pea, broad bean, beet and wheat and observed that 
application of vitamin B. and Bg enhanced plant height, leaf 
number, fresh weight and dry weight. The effect of both the 
vitamins was most pronounced on beet and poorest on pea. For 
example, each of these vitamins at 0.01 mg/1 increased leaf 
number by 5% in beet seedlings compared with 4% in pea. 
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Vergnano (1959) tried vitamins B^ and B^ for 
improving the rooting in cuttings of some plants in sand 
culture. Each vitamin was added to the nutrient solution at 
the rate of 0.01 mg/1 - Vitamin treatment did not improve 
rooting in Colutea arborescens but Hedera helix and Rosa 
showed good response. Treated plants of Rosa also produced 
greater number of buds and leaves with broader leaf blades 
than the controls. 
Kudrev and Pavlov (1965) applied vitamin Bg on the 
leaves of flooded wheat crop. The foliar application of this 
vitamin averted the ill effect of flooding at tillering, 
shooting and heading stages. The spray of the vitamin 
solution also corrected disturbed nitrogen metabolism, 
particularly when very little damage had been done, and 
consequently grain yield was enhanced. 
Das and Das (1966) observed the growth of excised pea 
roots as influenced by thiamine and pyridoxine treatments. 
They reported that these two vitamins showed similar growth 
promoting activity. However, the optimum dose of thiamine 
and pyridoxine differed, being 0.1 and 0.01 ppm 
respectively. It was pointed out that vitamins might become 
more effective in the presence of mineral salts. 
Ovcharov and Kulieva (1968) soaked cotton seeds in 
0.01% pyridoxine solution for 1-3 h. After soaking, the 
seeds were sown in nutrient culture with different 
fertiliser sources of nitrogen and phosphorus. The vitamin 
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slightly promoted germination and increased the area of 
first leaf two- to three-fold. It was observed that the 
effectiveness of the vitamins depended upon the form of 
fertiliser used. Root length of treated seedlings in the 
presence of ammonium sulphate was 49% more than in controls 
(untreated) and was 14% less with calcium nitrate. Nitrogen 
and phosphorus content of 2 day old seedlings was increased 
by the vitamin and the content was more in the presence of 
potassium dihydrogen orthophosphate than in that of 
superphosphate. 
Dimistrova-Russeva and Lilova (1969) performed an 
experiment in nutrient solution and in soil to study the 
effect of the application of thiamine, pyridoxine and 
nicotinic acid on the uptake of nitrogen and phosphorus by 
Mentha piperata. It was found that uptake of these two major 
nutrients was increased by the application of these 
vitamins. Phosphorus uptake was increased by a single 
application of nicotinic acid and double application of 
others. Nicotinic acid also enhanced the yield of essential 
oil as did the two application of thiamine whereas 
pyridoxine reduced it. 
Zavenyagina and Bukin (1969) studied the effect of 
application of an antagonist of pyridoxine on the 
germination and viability of seeds, development of root 
system and on the above ground portion of pea and wheat 
seedlings in water culture. They observed that the 
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pyridoxine antagonist, introduced into Knop's nutrient 
-3 -5 
medium at 10 to 10 M lowered the germination rate and 
suppressed the growth of roots and above ground portion of 
the seedlings of both genera . The appearance of symptoms of 
B, avitaminosis was partially or entirely prevented by the 
addition of pyridoxine to the culture medium. They also 
observed that vitamin B- stimulated the growth of normal 
wheat and pea seedling and increased chlorophyll content in 
the leaves. 
Kozhim and Kravtsov (1973) added various 
concentration of pyridoxine (0.001, 0.01, 1.0 and 10 mg/1) 
in a medium to study the effect on isolated pear and apple 
embryos at different stages of ripeness. It was observed 
that application of pyridoxine increased germination, 
accumulation of chlorophyll and differentiation of embryos 
into seedlings. The embryos from unripe seeds were more 
affected by pyridoxine than those from ripe seeds. 
Gopala Rao et ail^. (1974) observed high succinic 
dehydrogenase activity in root and shoot, and enhanced 
respiration and protein synthesis in 4 day old seedlings of 
Phaseolus radiatus in a water culture experiment as a result 
of supplying the plants with biotin, pyridoxine, niacin, 
and thiamine in the nutrient solution. 
Kulieva et £l. (1976) investigated the response of 
melon and watermelon to vitamin treatments in laboratory and 
field conditions. Seeds of these plants were treated with 
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various concentrations ranging from 0.01 to 0.0001% of 
thiamine, cyanocobalamine, nicotinic acid, pyridoxine or 
ascorbic acid. The effect of these compounds on stem and 
root development as well as on number and weight of fruit 
was studied in 45 and 90 days old plant respectively. 
Generally, the best results were obtained by treating the 
seeds with thiamine (0.001%), cyanocobalamine (0.0001%) or 
nicotinic acid (0.0001%). However, beneficial results were 
obtained by spraying the plants with cyanocobalamine 
(0.001%) or ascorbic acid (0.01%) respectively. 
Afridi et^  al. (1979) tested a number of common 
vitamins and phytohormones with respect to seed germination 
and radicle growth of barley and noted vitamin B^ to be the 
most effective. On the basis of this preliminary trial, they 
performed an experiment on barley var. K 672/28 in sand 
culture. Seeds of barley were soaked for 24 h in 0.1, 0.3 
and 0.5% aqueous pyridoxine solution and thereafter sown in 
pots. Treatment with pyridoxine benefited most of the root, 
shoot and ear characteristics as well as grain yield and 
quality. Generally, soaking in 0.3 and 0.5% proved equally 
beneficial. Root length and number of lateral roots as well 
as leaf number were found to be 66, 19.0 and 13.5% more 
respectively in 0.3% treatment than in the water-soaked 
control. Tiller number/plant was at par in 0.3 and 0.5% 
pyridoxine treatments, being enhanced by 13% over the 
control. Treatment with 0.3% pyridoxine increased shoot 
length by 5.8% over the control, with 0.5% treatment 
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following closely behind. Both these treatments consequently 
resulted in 15% more dry weight than in control. Similarly, 
other characteristics, including seed yield and seed 
carbohydrates were enhanced by 9.0 and 1.4% respectively by 
0.3% treatment over the control; but straw yield was 12.7% 
more in 0.5% treatment (at par with 0.3%) than the control. 
Ahmad et al. (1981) studied the effect of pre-sowing 
soaking treatment of grain with pyridoxine on the growth of 
five varieties of barley,, namely NP 3. lip 21, K 572/10, K 572/28 and 
Clipper. he seeds of these varieties were soaked for 24 h 
in different concentrations of aqueous pyridoxine solution, 
viz. 0.0, 0.002, 0.1 and 0.5% before sowing in the field. 
Pyridoxine treatment significantly affected tiller number, 
leaf number, shoot length and fresh and dry weight at 
tillering, heading and milky grain stages. Seed treatment 
with 0.1% solution proved optimum at all stages of growth. 
Tiller and leaf number were maximum in Clipper and minimum 
in K 572/28 but the later produced the tallest plants. NP 21 
had the maximum fresh and dry weight, followed by K 572/28. 
Treatment x variety interaction effect was also found to be 
significant. The response to various combinations varied 
from character to character and stage to stage but the 
combination of 0.02% pyridoxine and K 572/28 proved best. 
Ahmad et al^ . (1982) reported the response of grain 
and straw yield of the. same five barley cultivars under the 
same pyridoxine treatment as mentioned above. Maximum grain 
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yield was recorded in 0.1 pyridoxine treatment, whereas 
maximum straw yield was found in 0.02% treatment. Regarding 
varieties, K 572 28 and NP 21 out-yielded all others in 
grain yield and straw yield respectively. The combination 
0.1% X K 572/10 gave maximum grain yield while 0.02% x NP 13 
produced maximum straw. 
Kodandaramaiah and Gopala Rao (1984) observed the 
influence of B vitamins on photosynthesis of isolated 
chloroplast of Cyamopsis tetragonoloba CL. Taub. They noted 
that thiamine, riboflavin, niacin, pyridoxine, pantothenic 
acid and folic acid, at concentration varying from 50-200 
mg/1, significantly increased photosynthetic carbon fixation 
by isolated chloroplasts. However, direct action of the 
vitamins above 5 mg/1 concentration i^ vitro diminished 
carbon fixation. The maximum promotion was noticed in niacin 
(51.0%), followeld by pyridoxine (44.9%). 
Raghava Reddy and Gopala Rao (1984) noted the 
influence of pyridoxine and citric acid on flowering in 
Brassica nigra Kock. and found that these two induced early 
flowering in black mustard. They concluded that this was due 
to the increase in the leaf area and height of the treated 
plants. 
Gopala Rao and Raghava Reddy (1985) observed the 
effect of B vitamins on the uptake of sodium, potassium, 
calcium and phosphorus in one week old Vigna radiata 
seedlings. Treatment with the vitamins promoted the uptake 
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of these elements variably. Thiamine and biotin were found 
ineffective in the uptake of phosphorus, but riboflavin, 
pyridoxine and pantothenic acid increased the uptake of 
sodium, potassium and . calcium in addition to that of 
phosphorus by the seedlings. Application of pyridoxine, 
pantothenic acid and nicotinic acid particularly showed more 
influence on potassium and phosphorus uptake than the other 
vitamins included in the study. 
Samiullah et^  £1^ . (1985) conducted two simple 
randomised field experiments to compare the efficacy of 
method of application of pyridoxine to moong (Vigna radiata 
cv. K-851). In one experiment seeds of moong were soaked in 
0.0, 0.1, 0.2, 0.3, 0.4 and 0.5% aqueous pyridoxine solution 
for 4 h. In the other experiment, the same concentrations 
of pyridoxine solution were sprayed on the tops of the crop 
at 35 and 45 DAS. The parameters studied at 20, 30, 40 and 
50 DAS included root length, root nodule number and NRA. 
Root length, root nodule number and NRA in foliar spray 
experiment were recorded at 45 DAS. In both the experiments, 
seed yield was measured at harvest and the correlated 
between NRA and yield determined. 
In the seed soaking experiment, 0.3% pyridoxine 
solution, in general, gave optimum value for root length and 
nodule number at all sampling stages and increased NRA by 
29.7, 7.1, 11.8 and 15.6% over the respective water-soaked 
controls at 20, 30, 40 and 50 DAS respectively. Spray of 
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0.1% pyridoxine solution at the pre-flowering stage (35 DAS) 
and of 0.2% at the post-flowering stage (45 DAS) proved best 
for NRA and the activity was increased by 49.2 and 29.6% 
respectively over the water—sprayed controls. Spray of 0.1% 
and soaking in 0.3% pyridoxine solution gave 33.7% and 44.9% 
more seed yield respectively compared with the controls. A 
highly significant and positive correlation was found 
between NRA and seed yield in both the experiments. From the 
study, they concluded that leaf NRA levels at early stages 
of growth could be utilised for predicting crop 
productivity. It was also inferred that soaking treatment 
has superiority over spray treatment. 
Ansari et £1^ . (1990) studied the effect of pre-sowing 
soaking of seeds with 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5% 
aqueous pyridoxine solution for 12 h on growth parameters 
(root length, root nodule number, dry weight of root and 
whole plant, and leaf area), leaf NRA and NPK as well as on 
yield parameters (pods/plant, seeds/pod, single seed weight, 
and seed yield) and on protein content of seeds of lentil 
(Lens culinaris cv. T 36). Unsoaked and water-soaked 
controls were also included in the scheme of treatments. The 
growth parameters, leaf NRA and NPK were studied at 60, 90 
and 120 DAS. NAR was computed for the periods 60-90 and 
90-120 DAS. Yield parameters and seed protein content were 
studied at harvest. 0.3% pyridoxine treatment proved optimum 
for growth parameters. NAR, NRA and leaf NPK at all sampling 
stages. All yield parameters were found to be significantly 
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affected by pyridoxine treatment. The maximum number of 
pods/plant and seeds/pod was in the 0.5% treatment. 
Pyridoxine at 0.3% concentration gave highest seed yield and 
seed protein content, the increase being 21% and 12.5% res-
pectively over the control. 
In a field experiment on mustard (Brassica juncea cv. 
Varuna) Samiullah et al^ . (1991) studied the effect of 
pre-sowing seed soaking treatment for 4 h with 0.0125, 
0.025, 0.05 and 0.10% aqueous pyridoxine solution with three 
basal doses of N and P„ viz. NgoP20' ^ 90^30 ^ ^ 6^0+30^ 30* ^ °^'^ ® ^^ 
well as in combination. The parameters studied included root 
length, leaf number, dry weight and leaf NPK at 50, 70 and 
90 DAS and NAR for the period 50-70 and 70-90 DAS. Two 
controls (unsoaked and water-soaked) were maintained for 
comparison. At harvest, pods/plant, seeds/pod, hectolitre 
weight of seeds, oil content of seeds, seed yield and oil 
yield were determined. Soaking the seed with 0.025% 
pyridoxine solution gave maximum value for all parameters at 
various stages, except hectolitre weight which was more in 
0.0125% pyridoxine treatments. 0.025% pyridoxine increased 
seed oil content by 18.0%, seed yield by 14.9% and oil yield 
by 14.9% in comparison with the water-soaked control. 
NggPjo fertiliser level proved best for all parameters. The 
interaction 0.0125 x Ng^P-^ gave maximum values for various 
parameters. However, it effect was at par with that of 0.025 
X NgQP2Q and 0.025 x NgQP2Q It was concluded that soaking 
the seeds of mustard in 0.0125% pyridoxine solution and 
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giving a basal fertiliser dose of Ng^P^Q only would give 
optimum results, thus saving 30 kg N and 10 kg P/ha compared 
with the recommended dose of basal fertiliser, viz. NQQP^Q. 
Samiullah et al. (1992) studied the effect of 
pre-sowing seed treatment for 12 h with 0^ 0-2, 0.3 and 0.4% 
pyridoxine solution on various parameters of lentil (Lens 
culinaris L. Medic cv. T 36). The crop was grown with 15, 
30, 45 and 60 kg P/ha. The parameters studied included NAR 
at 60-90 and 90-120 DAS intervals, NRA at 60, 90 and 120 
DAS, pods/plant, length/pod, seeds/pod, 1,000 seed weight, 
seed yield and seed protein content at harvest (140 DAS). 
Seed treatment with 0.3% pyridoxine proved optimum and 
increased NRA by 23.3% at 60 DAS, 42.7% at 90 DAS, 87.4% at 
120 DAS, NAR by 56.2% at 60-90 DAS and 43.5% at 90-120 DAS. 
At harvest, pods/plant, length/pod, seeds/pod, 1,000 seed 
weight, seed yield and seed protein content were noted to be 
increased by 70.6%, 24.0%, 72.9%, 6.4%, 29.1% and 12.8% 
respectively. Basal application of 30 kg P/ha gave maximum 
value for all parameters. The interaction, 0.2% pyridoxine x 
30 kg P/ha showed maximum value for most of the parameters 
studied, except 1,000 seed weight. NRA and NAR showed strong 
correlation with seed yield and seed protein content, while 
yield attributes showed a similar correlation with seed 
yield only. Thus, 0.3% pyridoxine in combination with 30 kg 
P/ha ensured higher yield and improved quality of lentil. 
 
 
 
 
 
  
 
 
 
2.5 Concluding remarks 
The foregoing review clearly established that 
pyridoxine (vitamin B^) is a potent root growth promoting 
sumbstance for many crops. In some cases, pyridoxine has been 
shown to stimulate nutrient uptake. However, the information 
regarding to interaction effect of mineral nutrients and 
vitamin on the performance of crops is meager. The work on 
the interaction effect of calcium and pyridoxine (vitamen B-.) 
on the performance of important crops in particular, sems to 
be neglected. Therefore an in depth study on the 
physiological response of pulse, oil and cereal crops to 
calcium and pyridoxine (vitamen B,) alone and in combination 
is highly desirable. The research work reported in the 
subsequent chapters is related to this aspect in order to fill 
the existing lacuna in our understanding of pyridoxine-calcium 
relationship in augmenting the performance of said crops. 
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CHAPTER 
MATERIALS AND METHODS 
Six field experiments were conducted on the farm of 
the Aligarh Muslim University, Aligarh. Out of these, two 
experiments were conducted on summer moong (Vigna radiata L. 
Wilczek) var. T 44 in the "zaid" (summer) season of 1992 and 
1993 and two experiments each on mustard (Brassica juncea 
L. ) var. Varuna and wheat (Triticum aestivum L.) var. 
HD 2004 in the "rabi" (winter) season of 1992-93 and 
1993-94. 
3.1 Agro climatic conditions 
Aligarh is situated in western Uttar Pradesh, about 
125 km from New Delhi. This small industrial town, having an 
area of 5,024 sq km, is situated at 27°52' N latitude, 
78°51' E longitude and 187.45 m altitude. It has a semi arid 
and sub tropical climate with hot dry summers (April June) 
and cold winters (middle of October to end of March) 
constituting the "rabi" season. The mean temperature fo'r 
December and January, the coldest months, is about 15°C and 
13^°C and the extreme minimum record for any single day is 
2°C and 0.5°C respectively. The summer is hot. the average 
temperature for May is 34.5°C and for June 34°C whereas, the 
extreme maximum record is 45°C and 45.5°C respectively. The 
average annual rainfall is 847.3 mm. More than 85% of the 
total rainfall occurs during June to September and the rest 
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in winter which is useful for "rabi" crops. The meteoro-
logical data for the period of these experiments were 
obtained from the Meteorological Observatory, Aligarh Muslim 
University, Aligarh. Various types of soil are found in 
different areas of this district such as sandy, loamy, sandy 
loam and clayey loam. 
3.2 Soil characteristics 
Before starting each experiment, small soil samples 
were collected at a depth of 15 cm from every experimental 
plot. These were mixed thoroughly to get a composite sample. 
The soil from this composite sample was analysed in the Soil 
Chemistry Laboratory of the Indian Agricultural Research 
Institute, New Delhi for physico-chemical properties (Table 
1). In addition, soil samples were also taken along with 
plant samples to assess soil pH. 
3.3 Preparation of the field 
Prior to each experiment, the field was thoroughly 
ploughed to ensure maximum aeration. Plots of 10 sqm size 
were prepared in which sufficient organic manure was added 
for maintaining fertility of the soil keeping the type of 
crop in view. A uniform recommended basal dose of nitrogen, 
phosphorus and potassium was also applied for each crop. 
3.4 Seed treatment 
Authentic seeds of moong, mustard and wheat were 
obtained from the National Seed Corporation Ltd. I.A.R.I., 
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New Delhi and their viability was tested by standard 
methods. The seeds were surface sterilised and soaked in 
water (control) or in appropriate pyridoxine hydrochloride 
solution. In Experiments 1 and 4 on summer moong, seeds were 
inoculated with Rhizobium according to a modification of the 
method given by Subba Rao (1972). Rhizobium culture for 
moong was obtained from the Government seed store, Aligarh. 
The inoculum was prepared by dissolving 40 0 g colourless 
gum-arabic (coating material) and 100 g sugar in 1 litre 
warm water. The solution was allowed to cool and a packet of 
Rhizobium culture (containing 200 g bacterial culture in 
peat) was added to it and mixed well, resulting in a muddy 
solution. It was sufficient to inoculate 10 kg seeds of 
moong. Seeds were vigorously mixed with the inoculum until 
they were evenly covered and moistened by it. These 
inoculated seeds were spread on a clean blotting paper in 
shade to let the coating get hard. Thereafter, they were 
sown in the field. 
3.5 Experiment 1-6 
The details of the six trials performed to 
investigate the response, if any of summer moong, mustard 
and wheat to basal application of calcium are given below. 
3.5.1 Experiments 1, 2 and 3 
The aim of these three field trials was to investi-
gate the effect of basal application of calcium and 
pre-sowing seed treatment with pyridoxine as well as of 
 
 
 
 
 
  
 
 
 
53 
their interaction on the performance of summer moong 
(Experiment 1), mustard (Experiment 2) and wheat (Experiment 
3) with regard to their growth, yield and quality 
parameters. The design of each of these experiments was 
factorial randomised. The physico chemical properties of the 
soil of the field are given in Table 1. 
Four basal doses of calcium (0, 10, 20 and 30 kg/ha) 
for summer moong and 0, 20, 40 and 60 kg/ha for mustard and 
wheat were given in the form of gypsum (CaSO.. 2H2O). The 
seed treatments included two controls, viz. (1) Un soaked 
(US), (2 ) water soaked (WS) for all three crops. One aqueous 
pyridoxine (PY) solution ( 0*3%) was taken for soaking the 
summer moong while two concentrations of aqueous pyridoxine 
solution (0.01% and 0.02%) and designated as PY^ and PY2 
taken for mustard and wheat. The details of these treatments 
are given in Tables 2, 3 and 4. There were thus twelve 
treatments in all for summer moong and sixteen treatments 
for mustard and wheat, each replicated three times. The 
seeds were soaked in pyridoxine solution or in water for 4, 
8 and 10 h for summer moong mustard and wheat respectively 
(Samiullah et^  al^ ., 1985). Seeds of summer moong were 
inoculated with Rhizobium before being sown. 
Sowing was done in furrows at the rate of 20 kg/ha 
(summer moong), 10 kg/ha (mustard) and 90 kg/ha (wheat) on 
15 April. 8 October and 6 December 1992 in 10 sqm. plots.The 
furrows were kept 3 cm, 22.5 cm and 22 cm apart. The seed 
number per row was kept approximately uniform in each row, 
 
 
 
 
 
  
 
 
 
Table 2 : Scheme of treatments for Experiment 1 on summer 
moong. 
Soaking treatment Basal calcium dose (kg/ha) 
10 20 30 
Unsoaked (US) 
Water soaked (WS) 
0'3% pyridoxine (PY) 
N.B. (1) Seeds were soaked for 4 h and then treated with 
rhizobium inoculum. 
(2) A uniform basal dose of 10 kg N, 30 kg P and 35 kg 
K/ha was applied. 
(3) The design of the experiment was factorial 
randomised. 
 
 
 
 
 
  
 
 
 
Table 3 : Scheme of treatments for Experiment 2 on mustard. 
Soaking treatment Basal calcium dose (ky/ha) 
20 40 60 
Unsoaked (US) 
Water soaked (WS) 
0.01% pyridoxine (PY^ )^ 
0.02% pyridoxine (PYj) 
+ 
+ 
N.B. (1) Seeds were soaked for 8 h. 
(2) A uniform basal doses of 90 kg N, 30 kg P, 30 kg 
K/ha was applied. 
(3) The design of the experiment was factorial randomi-
sed. 
 
 
 
 
 
  
 
 
 
Table 4 : Scheme of treatments for Experiment 3 on wheat. 
Soaking treatment Basal calcium dose (kg/ha) 
20 40 60 
Unsoaked (US) 
Water soaked (WS) 
0.01% pyridoxine (PY-,^ ) 
0.02% pyridoxine (PYj) 
+ 
+ 
+ 
+ 
N.B. (1) Seeds were soaked for 12 h. 
(2) A uniform basal doses of 120 kg N, 30 kg P, and 50 
kg K/ha was applied. 
(3) The design of the experiment was factorial 
randomised. 
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recommended basal doses of 10 kg N, 30 kg P and 35 kg K/ha 
for moong, 90 kg N, 30 kg P and 30 kg K/ha for mustard and 
120 kg N, 30 kg P and 50 kg K/ha for wheat were applied before 
sowing in the form of urea, monocalcium superphosphate and 
muriate of potash respectively. The field was irrigated 
three times for summer moong and mustard and twice for wheat 
between sowing and harvesting. Weeding was done when it was 
required. 
The plants of summer moong were sampled at 15, 30 and 
45 DAS and of mustard and wheat at 50, 70 and 90 DAS for 
growth analysis. Crop growth rate (CGR) relative growth rate 
(RGR) and net assimilation rate (NAR) were calculated for 
15-30 and 30-45 DAS for summer moong and 50-70 and 70-90 DAS 
for mustard and wheat crops. Yield and quality parameters 
were studied at harvest (67 DAS for summer moong, 120 DAS 
for mustard and 140 DAS for wheat). 
5.5.2 Growth parameters 
The following growth parameters were studied at 15, 
30 and 45 DAS for summer moong and at 50, 70 and 90 DAS for 
mustard and wheat : 
a) Height/plant 
b) Fresh weight/plant 
c) Dry weight/plant 
d) Leaf number/plant 
e) Leaf area index (LAI) 
f) Root nodule number/plant (only in summer moong) 
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g) Root length (onlyin summer moong and mustard) 
h) Crop growth rate (CGR) 
i) Relative growth rate (RGR) 
j) Net assimilation rate (NAR) 
3.5.3 Yield and quality parameters 
At harvest, the following parameters were studied : 
a) Ear number/plant (only in wheat) 
b) Ear length (onlyin wheat) 
c) Spikelet number/ear (only in wheat) 
d) Grain number/ear (only in wheat) 
e) Pod number/plant (only in summer moong and mustardj 
g) Seed number/pod (only in summer moong and mustard) 
g) 1,000 seed/grain weight 
h) Seed/grain yield/ha 
i) Oil percentage - (only in mustard) 
j) Oil yield (only in mustard) 
k) seed protein content (only in summer moong and 
wheat) 
1) Seed protein yield/ha (only in summ^ moong and 
wheat) 
m) Seed carbohydrate content (only in wheat) 
n) Carbohydrate yield/ha (only in wheat) 
3.5.4 Biochemical and chemical parameters 
The following characteristics were estimatedat various 
growth stages of each crop. 
a) Pyridoxine content of seeds/grains before sowing 
 
 
 
 
 
  
 
 
 
56 
b) Leaf nitrate reductase activity (NRA) 
c) Computed N, P, K and Ca status of plants 
3.6 Experiments A, 5 and 6 
These trials were planned on the basis of the results 
of Experiments 1, 2 and 3 respectively. One observation 
worthy of consideration was the similarity of the growth, 
yield and quality response of the two controls (US and WS) 
taken in Experiments 1-3. It was, therefore, decided to 
retain only one control in the subsequent experiments. One 
aqueous pyridoxine (PY) solution ( 0«3%) was retain same as 
in experiment 1 for soaking the summer moong while one 
concentration of aqueous pyridoxine solution (0^04%) 
designated as PY- was added and (0.01%) concentration was 
deleted from experiments 5 and 6. Among the calcium 
treatments, the data, particularly concerning seed/grain 
yield, revealed that the application of calcium proved 
beneficial for each of the three crops, for example 10 kg 
Ca/ha proved optimum for summer moong in Experiment 1. 
Similarly, 40 kg Ca/ha (at par with 60 kg Ca/ha) proved the 
best dose for mustard (Experiment 2) and, for wheat 
(Experiment 3), 20 kg Ca/ha proved optimum. However, as the 
source of applied calcium was gypsum (CaSO..2H_0) that 
contains sulphur also, the observed beneficial effect could 
not be assigned unequivocally to calcium alone, it) remove 
this lacuna, it was decided to reschedule the basal doses of 
calcium for Experiments 4, 5 and 6 as under : 
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Experiment 4 (summer moong) : (1) control (Ca-S»)/ 
(2) 8 ky S/ha as K2S0^ (CapS ) and (3) 10 kg Ca + 8 kg S/ha 
as gypsum (Ca, ^ ^SQ). Experiment 5 (mustard) : (1) control 
(Ca-Sg) (2) 32 kg S/ha (CapS^j) and (3) 48 kg S/ha, both as 
(NH^)2S0^, (CapS^g), (4) 40 kg Ca/ha + 32 kg S/ha (Ca^^S^j) 
and (5) 60 kg Ca/ha + 48 kg S/ha (Ca-.S-g) both applied as 
gypsum. Experiment 6 (wheat) : (1) control (Ca^SQ), (2) 16 
kg S/ha (Ca^S^^g), (3) 32 kg S/ha (CaQS32), both as (NH4)2S04 
(4) 20 kg Ca/ha + 16 kg S/ha (Ca2QS^g) and (5) 40 kg Ca/ha + 
32 kg S/ha (Ca^QS-2) both applied as gypsum. The design of 
the three experiments was factorial randomised and the 
recommended basal doses and sources of N, P and K were 
retained. Thus, in all, there were six treatments in 
Experiment 4 and fifteen treatments each in Experiments 5 
and 6 which were replicated three times. it may be added that, 
in Experiment 4, treatments Ca^Sg contained 19.5 kg K/ha as 
K^SO. in Experiment 5, CaQS32 and Ca^S-g contained 28 and 42 
kg N/ha as (NH.)2S0. in Experiment 6, CaQS,g and Ca^S--
contained 14 and 28 kg N/ha as (NH.)-SO-. This quantity of 
potassium and nitrogen was, therefore, with held at the time 
of application of basal muriate of potash and urea in these 
treatments (Tables 5, 6 and 7). All the agricultural 
practices and sampling techniques employed in Experiments 4, 
5 and 6 as well as the parameters studied were similar to 
those in Experiments 1, 2 and 3 respectively. 
 
 
 
 
 
  
 
 
 
Table 5 : Scheme of treatments for Experiment 4 on summer 
moong. 
Soaking treatment ^^^^^ calcium/sulphur dose 
(kg/ha) 
Ca^S^ Ca S ^  Ca„ S„ 0 0 10 8 0 8 
Water soaked (WS) 
0-3% pyridoxine (PY) 
N.B. (1) Seeds were soaked for 4 h and then treated with 
rhizobium. 
(2) In basal treatments, the amounts of N, P and K were 
kept uniform at 10 kg, 30 kg and 35 kg/ha 
respectively. 
(3) For applying sulphur without calcium, gypsum was 
replaced by potassium sulphate, adjusting the dose 
of basal potassium accordingly. 
(4) The design of the experiment was factorial 
randomised. 
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58 
3.7 Details of physiological parameters 
The following well recognised parameters were 
determined for each crop. 
3.7.1 Leaf area index (LAI) 
Leaves of known total area were weighed and the 
average dry weight per unit area was used to estimate the 
total leaf area per plant and then leaf area index was 
calculated by using the formula suggested by Watson (1958). 
Leaf area 
LAI = 
Ground area 
3.7.2 Crop growth rate (CX3R) 
Crop growth rate was calculated by using the formula 
suggested by Watson (1952) . 
CGR = - | ^ X -L-
at p 
where dw = difference in dry weight at a given time 
dt = time interval 
P = land area 
3.7.3 Relative growth rate (RGR) 
Relative growth rate was calculated by using the 
formula of Watson (1952). 
'2 - h 
where W, = dry weight of plant at I growth stage 
t. = days to sampling at I growth stage 
W^ = dry weight of plant at II growth stage 
^j = days to sampling at II growth stage 
 
 
 
 
 
  
 
 
 
59 
3.7.4 Net assimilation rate (NAR) 
NAR was calculated according to Milthorpe and Moorby 
(1979) . 
NAR = ^^2-^1) ^ ^^ ^2-^" ^1 
(t2-ti) L2-L1 
W2""l 2.303 (log 10 L, - log 10 L,) 
-=^— X i 
2.1 (Lo - L, ) 
i.e. NAR = 2 . ^  X vxog -Lu u^ - xog xu i.-^  
where, W-, = dry weight of whole plant at I growth stage 
L, = Leaf area of whole plant at I growth stage 
t, = days to sampling at I growth stage 
W_ = dry weight of whole plant at II growth stage 
L_ = Leaf area of whole plant at II growth stage 
t_ = days to sampling at II growth stage 
In = logarithm to base C 
log 10 = logarithm to base 10. 
3.7.5 Harvest index (HI) 
It was calculated by the following formula : 
H . I . = ; ^ ; ^ y i f i d ^ ^ ^ ^ 
Total biomass 
3.8 Biochemical and chemical analysis 
(i) Pyridoxine content of samples of seeds used in 
all the six experiments was estimated on dry weight basis 
before sowing in the field. 
(ii) Nitrate reductase activity (NAR) in leaves was 
measured at various stages of growth of the three crops on 
 
 
 
 
 
  
 
 
 
60 
fresh weight basis. 
(iii) Nitrogen, phosphorus, potassium and calcium 
content in different parts of plant was estimated at various 
stages of growth on dry weight basis in all the six 
experiments. 
(iv) Protein content of seeds was estimated at 
harvest for assessing seed quality of summer moong and 
wheat. 
(v) Carbohydrate content of seeds was estimated at 
harvest for assessing seed quality of wheat. 
(vi) Oil content of seeds was estimated at harvest 
for assessing seed quality of mustard. 
3.8.1 Estimation of pyridoxine 
Seeds were dried and powdered. The powder was sieved 
and pyridoxine content was estimated colorimetrically, 
according to the method of Hochberg et al. (1944ab. which is 
described below ; 
3.8.1.1 Preparation of seed extract 
Weighed seed powder (1 g) was taken in a 20 ml 
calibrated test tube. To this, 10 ml of 4 N hydrochloric 
acid was added. The test tube was placed in a water bath and 
heated for 1 h. The contents of the tube were stirred 
occasionally which helped in hydrolysing the bound 
pyridoxine as well as its extraction. The solution was 
cooled and the pH was adjusted at 3.0 with 1 N sodium 
 
 
 
 
 
  
 
 
 
61 
hydroxide and 1 N hydrochloric acid. At this pH, 3 ml of 
buffer (sodium citrate) was mixed followed by the addition 
of 2.5 g of Fuller's earth. 
The tube was stoppered and shaken occasionally for 5 
min. The suspension was centrifuged and the supernatant 
discarded. The residue was washed with 15 ml of acidulated 
water. 5 ml of 2 N sodium hydroxide was added to the 
residue and the final volume was made upto 20 ml with 
distilled water. The suspension was dispersed for 3 min by 
frequent inversions of the tube which was thereafter 
centrifuged. With 10 ml of the eluate was mixed 50 ml of 
isopropanol and it was again centrifuged. The clear 
supernatant was decanted and its pH adjusted to 5.0-7.0 by 
using a few drops of 12 N hydrochloric acid. This extract 
was used for pyridoxine estimation. 
3.8.1.2 Colour development and pyridoxine estimation 
The following tubes were set up in order to estimate 
pyridoxine content in the seeds : 
Test tube 1 : 6 ml test extract + 2 ml ammonia-ammonium 
chloride solution + 1 ml boric acid 
solution. 
Test tube 2 : 6 ml test extract + 2 ml ammonia-ammonium 
chloride solution + 1 ml distilled water. 
Test tube 3 ; 6 ml test extract + 2 ml ammonia-ammonium 
chloride solution + 1 ml of standard 
pyridoxine hydrochloride solution containing 
10 «q of the vitamin. 
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In each test tube, 1 ml of 2,6-dichloroquinone 
chloroimide solution was added. Test tube 1 acted as the 
blank. The optical density was read at 660 nm on a 
"Spectronic-20" colorimeter exactly after 1 min of addition 
of 2,6 dichloroquinone chloroimide reagent. The pyridoxine 
content of seeds was calculated by using the following 
formula : 
"•2 x ^ 2 - x _ 6 0 _ . 18.5 
L^-L, 6 10 ^ ~ "^ 9 pyridoxine/g seed 
^ powder 
In the above equation : 
L represents optical density of the solution present 
in test tube 2. 
L^ - L- represents increase in optical density due to the 
10 Aig pyridoxine added in test tube 3. 
W stands for weight of seed powder used. 
60 xl8.5 
10 is used for dilution factor. 
3.8.2. Estimation of NRA 
NRA was estimated in fresh leaf pieces. Random 
samples of leaves from each plot were taken and cut into 
small pieces. The enzyme activity was determined according 
to the method of Jaworski (1971) which is described briefly 
below : 
500 mg leaf pieces were weighed and placed in 
polythene vials. To each, 2.5 ml of phosphate buffer pH 7.0 
and 0.5 ml of 0.2 M potassium nitrate solution were added. 
 
 
 
 
 
  
 
 
 
63 
followed by addition of 2.5 ml of 5% isopropanol. Lastly, 
two drops of chloramphenicol solution were added to avoid 
bacterial growth in the medium. These vials were incubated 
for 2 h in dark at 30°C. 
3.8.2.1 Colour development 
0.4 ml of incubated mixture was taken in a test tube 
to which 0.3 ml of 1% sulphanilamide and 0.02% N-1-nephthyl 
ethylene diamine hydrochloride (NED-HCl) were added. The 
solution was left for 20 min for maximum colour development. 
It was diluted to 5 ml with sufficient amount of 
distilled water and the optical density was read at 540 nm, 
using a "Spectronic-20" colorimeter. A blank consisting of 
4.4 ml of distilled water plus 0.3 ml each of sulphanilamide 
and NED-HCl was used simultaneously for comparison. 
A standard curve was plotted by taking graded 
dilutions of potassium nitrate of known strength from a 
standard aqueous solution of this salt. The optical density 
of the samples was compared with this calibrated curve and 
NRA was expressed as n mol N02/g/h in fresh leaf tissue. 
3.8.3 NPK and Ca content of plants 
Plants were dug out from the soil and were separated 
into leaves, rachis, stem and root at various stages of 
growth. At harvest, pods/ear were collected. Later, 
their day weights were determined after drying to a constant 
weight at 80*>C. The total amount of nitrogen, phosphorus, 
potassium and calcium accumulated in the plant parts of 
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respective crops, viz. root, stem, leaf, pod, pod wall, ear 
and grain at different sampling stages was calculated on the 
basis of their N, P, K and Ca contents and dry weight. This 
represents the status of these nutrients (mg/plant) in 
plants. The details of NPK and Ca estimation in different 
plant part are discussed below : 
3.8.3.1 Digestion of plant material for estimation of NPK 
and Ca 
The powdered dried plant parts were digested 
according to Lindner (1944).for the estimation of nitrogen, 
phosphorus and potassium. To start with, 100 mg of dry 
powder was taken in a 50 ml Kjeldahl flask. To this, 2 ml of 
cone, sulphuric acid was added and the mixture heated for 2 
h which turned the contents black. After cooling for 15 min, 
0.5 ml of chemically pure 30% hydrogen peroxide was added 
drop by drop. The'solution was again heated for about 30 min 
till the colour became light yellow. It was then cooled and 
3-4 drops of hydrogen peroxide were added and again heated 
for about 15 min to get a clear solution. Excess of hydrogen 
peroxide was avoided as it could oxidise ammonia in the 
absence of organic matter. The peroxide digested material 
was transferred to a 100 ml volumetric flask with three or 
four washings with distilled water and the volume was made 
upto the mark. 
3.8.3.1.1 Estimation of nitrogen 
The method of Lindner (1944), adopted for the 
estimation of nitrogen in the samples is briefly described 
below : 
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A 10 ml aliquot of the peroxide digested material was 
taken in a 50 ml volumetric flask. To it, 2 ml of 2.5 N 
sodium hydroxide and 1 ml of 10% sodium silicate solution 
were added to neutralise excess of acid and to prevent 
turbidity respectively. The volume of the solution was made 
upto the mark with distilled water. In a 10 mi graduated test 
tube, 5 ml aliquot of this solution was taken and 0.5 ml 
Nessler's reagent was added and stirred. The final volume 
(10 ml) was made up with distilled water. After waiting for 
5 min to get optimum colour development, the optical density 
of the solution was determined at 525 nm with a 
"Spectronic-20" colorimeter. A blank, consisting of 
distilled water and Nessler's reagent, was run 
simultaneously. A standard curve, taking known dilutions of 
a standard ammonium sulphate solution, was plotted. The 
reading of each sample was compared with this calibration 
curve and nitrogen content in different parts of plants was 
expressed in terms of percentage on dry weight basis. 
3.8.3.1.2 Estimation of phosphorus 
Total phosphorus in the sulphuric acid peroxide 
digest was estimated by the method of Fiske and Subba Rao 
(^1925). A 5 ml aliquot was taken in a 10 ml graduated test 
tube and 1 ml of molybdic acid (2.5% ammonium molybdate in 
10 N sulphuric acid) was added carefully followed by the 
addition of 0.4 ml of l-amino-2 nephthol-4-sulphonic acid. 
The colour turned blue and the volume was made upto 10 ml 
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with distilled water. Solution was shaken, kept for 5 min 
and then transferred to a colorimetric tube. The optical 
density was read at 620 nm on a "Spectronic-20" colorimeter. 
A blank was run simultaneously with each determination. A 
standard curve was prepared by using known concentrations of 
monobasic potassium phosphate solution. The reading of 
samples was compared with this curve and phosphorus content 
in different parts of plant was expressed in terms of 
percentage on dry weight basis. 
3.8.3.1.3 Estimation of potassium 
Potassium content was estimated flame photometri-
cally. A 10 ml aliquot of the digest was taken and it was 
read by using the filter for potassium. A blank was run side 
by side. The readings were compared with a calibration curve 
plotted with the help of known dilutions of a standard 
potassium sulphate solution. The potassium content in 
different parts of plants was expressed as percentage on dry 
weight basis. 
3.8.3.1.4 Estimation of calcium 
50 mg of oven-dried powder of each of the various 
plant parts was taken in a 50 ml volumetric flask. In this 
flask, 2 ml concentration nitric acid (HNO.) was added and 
it was heated on an electric hot plate till the appearance 
of brown effervesence. When the effervescence stopped "TAM" 
(Tri acid mixture) solution was added till a clear solution 
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was obtained. This mixture of three acids, viz. nitric acid, 
sulphuric acid and perchloric acid (TAM) was prepared in the 
ratio of 10:5:4. The hole material was allowed to dry on the 
hot plate. 50 ml of double distilled water was added, shaken 
and transferred into another 50 ml volumetric flask with 
three washings with double distilled water. The final volume 
was made upto the mark. The calcium in digested samples was 
estimated with the help of a flame photometer directly. A 
standard curve, taking known dilutions of a standard CaCO-
solutions, was plotted. The reading of each sample was 
compared with this calibration curve and calcium in 
different parts of plants was expressed in terms of 
percentage on dry weight basis. 
3.8.4 Estimation of seed/grain protein 
Theprotein of seeds/grain was extracted according to 
Yih and Clark (1965) and estimated by the method of Lowry et 
al. (1951). Sufficient amount of seed powder was spread over 
a sheet of paper and dried overnight in an oven at 80°C. The 
dried samples were cooled in a dessicator for about 5 min 
before weighing. 50 mg of each sample was taken and 
transferred to a mortar. 1 ml of cold 5% trichloroacetic 
acid was added to it. The powder was ground well and the 
homogenate was collected in a centrifuge tube with repeated 
washings with trichloroacetic acid. The volume was made upto 
5 ml with 5% trichloroacetic acid. It was kept for 1 h to 
allow the complete precipitation of proteins. The homogenate 
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was then centrifuyed at 4,000 rpm for 15 min and the 
supernatant was discarded. To the residue, 5 ml of 1 N 
sodium hydroxide solution was added and shaken well for 
complete mixing. It was kept for half an hour on a water 
bath at 60°C to dissolve the precipitated protein 
completely. After cooling for 15 min, the mixture was 
centrifuged at 4,000 rpm for 15 min and the supernatant, 
containing the protein, was collected. It was then diluted 
with appropriate quantity of water and used for estimation 
of total protein in the seed/grain. 
3.8.4.1 Colour development 
1 ml of the diluted aliquot was taken in a test tube. 
To it, 5 ml of reagent B (Appendix) was added and left for 
10 min. Later, 0.5 ml of Folin reagent was added with 
immediate mixing and kept for half an hour for optimum 
colour development. The optical density of each sample was 
measured at 660 nm on a "spectronic-20" colorimeter. A 
blank, containing distilled water, reagent B and Folin 
reagent, was used simultaneously with each sample. The 
reading was compared with a calibration curve obtained by 
using known dilutions of a standard egg albumin solution. 
3.8.4.2 Computation of protein yield 
The protein yield/ha was calculated by multiplying 
the seed/grain yield with its protein concentration. 
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3.8.5 Estimation of grain carbohydrate 
Soluble and insoluble carbohydrates were extracted 
according to the method of Yih and Clark (1965) and 
estimated by the method of Dubois et £l. (1956). These are 
briefly described below : 
50 mg of powder of the grain sample was taken in a 
centrifuge tube and to it 5 ml of 80% alcohol was added and 
heated on a water bath for 10 min. After cooling,the sample 
was centrifuged at 4,000 rpm for 10 min and the supernatant 
was taken in a 25 ml volumetric flask for the estimation of 
soluble carbohydrates. The residue was kept for estimation 
of insoluble carbohydrates. This residue was washed twice 
with 5 ml of 80% alcohol and the washings were added to the 
flask containing the supernatant. The volume was made upto 
the mark with 80% alcohol. 1 ml of the alcohol extract was 
taken in a 10 ml test tube and dried on a water bath. When 
the alcohol was completely evaporated, the test tube was 
taken out from the water bath and cooled. After cooling 2 ml 
of distilled water was added to each test tube. 
3.8.5.1 Estimation of soluble carbohydrate 
To the supernatant of the alcohol extract 1 ml of 5% 
phenol was added followed by 5 ml cone, sulphuric acid. The 
colour turned yellowish orange. After cooling for half an 
hour, it was transferred to a colorimetric tube and the 
optical density was read at 490 nm on a "Spectronic-2 0" 
colorimeter. A blank was run with each sample. The soluble 
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carbohydrate content of each sample was obtained by 
comparing its otpical density with a calibration curve 
plotted by taking known dilutions of a standard solution of 
chemically pur^ glucose. 
3.8.5.2 Estimation of insoluble carbohydrates 
To residue kept after centrifugation with 80% alcohol 
was used for the determination of insoluble carbohydrates by 
the following procedure : 
5 ml of 1.5 N sulphuric acid was added to the residue 
and heated on a water bath for about two hours. After 
cooling, it was trasnferred to a centrifuge tube and 
centrifuged at 4,000 rpm for 10 min. The extract was then 
collected in a 25 ml volumetric flask. 
The residue was washed twice with distilled water and 
the washing was added to the above volumetric flask. The 
volume was made upto the mark with distilled water. The 
insoluble carbohydrate content was determined using the same 
method as in the case of soluble carbohydrate. 
3.8.5.3 Total carbohydrate 
The values for soluble and insoluble fractions were 
added together to get the total carbohydrate content of the 
grain. 
3.8.5.4 Computation of carbohydrate yield 
The carbohydrate yield was computed by multiplying 
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the grain yield with the total carbohydrate concentration of 
the grain. 
3.8.6 Determination of seed oil content 
As mentioned earlier, oil content was estimated in 
mustard seeds only. In order to extract the oil, grinding of 
seed was done until the formation of a fine meal. 
20 g meal of ground seeds was transferred to a 
Soxhlet apparatus and sufficient quantity of pure petroleum 
ether was added. The apparatus was kept in a hot water bath, 
running at 60°C, for about 6 h for complete extraction of 
the oil. The petroleum ether was evaporated from the 
extract. The percentage of the extract oil was calculated by 
the following formula : 
m X 100 
mg 
where, m is the mass of oil and mn is mass of seed powder. 
3.8.6.1 Computation of oil yield 
The oil yield of the crop was calculated by 
multiplying its total seed yield with its seed oil 
percentage. 
3.9 Statistical analysis 
The experimental data were statistically analysed by 
adopting analysis of variance technique according to Panse 
and Sukhatme (1985). In applying the 'f tests, the error 
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due to replicates was also determined. When 'f value was 
found to be significant at the 5 per cent level of 
probability, critical difference (CD.) was calculated. The 
models of the analysis of variance (ANOVA) are given in 
Table 8. 
Table 8 : Models of analysis of variance (ANOVA) of 
Experiments 1-6. 
Source of variation D.F. S.S. M.S.S. F 
Experiment 1 (Factorial randomised block design) 
Replications 2 
Calcium (Ca) 3 
Pyridoxine (Py) 2 
Interactions (CaxPy) 6 
Error 22 
Total 35 
Experiments 2 » 3 (Factorial randomised block design) 
Replications 2 
Calcium (Ca) 3 
Pyridoxine (Py) 3 
Interactions (CaxPy) 9 
Error 30 
Total 47 
Experiment 4 (Factorial randomised block design) 
Replications 2 
Calcium (Ca) 2 
Pyridoxine (Py) 1 
Interactions (CaxPy) 2 
Error 10 
Total 17 
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Experiments 5 & 6 (Factorial randomised block design) 
Replications 2 
Calcium (Ca) 4 
Pyridoxine (Py) 2 
Interactions (CaxPy) 8 
Error 28 
Total 44 
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CHAPTER 
EXPERIMENTAL RESULTS 
4.1 EXPERIMENT I 
This field experiment was conducted according to 
factorial randomised block design on summer moong var. T—44, 
to study the effect of four basal doses of calcium, i.e. 0 
kg Ca/ha (Ca^), 10 kg Ca/ha (Ca ), 20 kg Ca/ha (Ca2Q), 30 
kg Ca/ha (Ca.-.) and three pre sowing seed soaking 
treatments, viz. Un soaked (US), water soaked (WS) and 0.03% 
pyridoxine solution (PY), alone and in combination, on 
growth characteristics, NPK and Ca accumulation, yield 
attributes, seed yield and seed protein content. The data 
are summarised in Tables 9—26 and are briefly described 
below : 
4.1.1 Gro*rth characteristics 
Ten growth parameters, plant height, leaf number per 
plant, leaf area index (LAI), fresh and dry weight, nodule 
number and root length per plant, crop growth rate (CGR), 
relative growth rate (RGR) and net assimilation rate (NAR) 
were studied (Tables 9-18). 
Of these parameters, height per plant, LAI, MRA, 
fresh and dry weight, nodule number and root length per 
plant were studied at 15, 30 and 45 days after soving 
(DAS). CGR, RGR and NAR were determined for the 15-30 and 
30-45 days intervals- Generally the effect of Ca as wc-:'1 as 
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seed treatments with pyridoxine was found significant on 
these parameters. However, the interaction effect was not 
found significant on these parameters at all. 
4.1.1.1 Height per plant 
The effect of the application of calcium and of 
pre-sowing seed soaking treatment was found significant on 
this parameter at all stages, except the effect of Ca at 15 
DAS (Table 9). 
Regarding the effect of Ca, Ca-j^ Q, Ca2Q and Ca^Q 
(showing equal effect) gave higher value compared to that of 
the control (Ca,.) at all stages, except at 15 DAS. 
Among the soaking treatments, pyridoxine (PY) gave 
significant higher value when compared to US and WS. 
However, the values given by US and WS did not significantly 
differ with each other at any stage . 
4.1.1.2 Leaf number per plant 
The effect of Ca and of pre-sowing seed soaking 
treatment was found significant on this parameter at all 
stages, except the effect of Ca at 15 DAS (Table 10). 
Regarding the effect of Ca, Ca,^, Ca-Q and Ca^n 
(showing equal effect) gave higher value compared to that of 
the control (Ca-) at all stages except at 15 DAS. 
Pre-sowing seed soaking with pyridoxi-e cave 
.significantly hiaher value than tho,^ e for US anc v;. , v:hich 
were at par with each othe;-. 
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76 
4.1.1.3 Leaf area index (LAI) 
The effect of Ca and of pre-sowing seed soaking 
treatment was found significant on this parameter at all 
stages/ except the effect of Ca at 15 DAS (Table 11). 
Regarding the effect of Ca, LAI increased signifi-
cantly upto Ca-Q but the value was found statistically 
equally to those for Ca,Q and Caj^ at all stages. 
Pertaining to seed treatment, significant maximum LAI 
was recorded in PY in comparison withUS and WS. Treatments US 
and WS gave equal effect on this parameter at all stages. 
4.1.1.4 "Fresh weight per plant 
The effect of Ca and of pre-sowing seed soaking 
treatment was found significant on this parameter 
(Table 12) . 
At 15 and 45 days, the application of Ca at 10, 20 
and 30 Kg/ha showed equal effect but at 30 days, Ca^ ,. gave 
maximum value in comparison with that given by 0 kg Ca/ha. 
Pre-sowing seed soaking with pyridoxine gave 
significantly higher value than those for US and WS, which 
were at par with each other. 
4.1.1.5 Dry weight per plant 
The effect of Ca and of pre-sowing seed soaking 
treatment was significant on this parameter at all stages 
(Table 13). 
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77 
Regarding the effeet'*-<35^ t60yf,i^ g#.^ (Q', "Ca2Q and CajQ, 
showing equal effect, gave significant higher shoot dry 
weight compared to Ca^ . at all stages. 
Pyridoxine treatment gave significant higher value 
when compared to US and WS. However, the values given by US 
and WS did not show significant difference with each other 
at any stages. 
4.1.1.6 Nodule number per plant 
The effect of Ca and of pre-sowing seed soaking 
treatment was found significant on this parameter at all 
stages (Table 14). 
Regarding the effect of Ca, Ca (equalled by Ca^^) 
proved best and the value differed critically from others at 
all stages. Control (Ca^) gave poorest effect. 
The nodule number per plant in US and WS treatment 
was at par and was significantly lower than that for PY at 
all the samplings. 
4.1.1.7 Root length per plant 
The effect of Ca and of pre-sowing seed soaking 
treatment was found significant on this parameter at all 
stages (Table 15). 
Regarding the effect of Ca, at 15 days stage, like 
other growth parameters, a gradual increase was found from 
Ca^ and Ca^Q but the values for Ca^ Q^, Ca2o a"^ Ca^g were 
statistically equal. However, at later stages, Ca2Q and Ca^Q* 
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78 
which showed equal effect, gave significantly higher value 
than that for Ca,Q. At all stages, the control (Ca^) showed 
poorest effect. 
The root length per plant in OS and WS treatments 
were at par and inferior to that in PY at all samplings. 
4.1.1.8 Crop growth rate (CGR) 
The effect of Ca and of pre-sowing seed soaking 
treatment was found significant on this parameter at all 
growth intervals, except the effect of seed treatment at 
30-45 days interval (Table 16). 
Regarding the effect of Ca at both intervals of 
growth, all levels of Ca (Ca,Q, CajQ and Ca^g) showed equal 
effect but the effect was significantly superior to that of 
the control (CaQ). 
Treatment PY gave significant higher CGR at 15-30 
days than US and WS, whose effect was at par. 
4.1.1.9 Relative growth rate (RGR) 
The effect of Ca and pyridoxine treatment was found 
significant on this parameter at both intervals (Table 17). 
Like CGR, RGR, was also equally affected by all calcium 
levels. However, the control (Ca^) again gave significantly 
lower value. 
At 15-30 days intervals PY gave significant higher 
value when compared to US and WS which were at par. But at 
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79 
30-45 days interval, WS, being at par with US, gave 
significant higher RGR than that PY. 
4.1.1.10 Net assimilation rate (NAR) 
The effect of Ca and pre-sowing seed soaking 
treatment was found significant on this parameter at both 
growth intervals, except that of seed treatment at 30-4 5 
days interval (Table 18). 
Ca-iQ* ^^20 ^^^ ^^30' showing equal effect, gave 
significant higher NAR value than Ca^. 
The effect of US and WS was at par and was signifi-
cantly inferior to that of pyridoxine treatment (PY). 
4.1.2 Yield and quality characteristics 
Eight yield parameters (pod number per plant, pod 
length, seed number per pod, 1,000 seed weight, yield/ha har-
vest index, seed protein content and protein yield) were 
studied at harvest. Generally, the effect of Ca and pre-
sowing seed treatment was found significant on most of the 
parameters. However, the interaction effect was not found 
significant on any of the yield parameters. 
4.1.2.1 Pod number per plant 
The effect of Ca and pre-sowing seed soaking 
treatment was found significant on this parameter 
(Table 19). 
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80 
The application of Ca at the rate of 10, 20 and 30 
kg/ha showed equal effect but gave significantly more pod 
per plant in comparison to that given by 0 kg Ca/ha. 
Pyridoxine treatment (PY) increased the pod number 
per plant significantly when compared to US and WS. However 
the two controls were equal in their effect. 
4.1.2.2 Pod length 
Only the effect of pre-sowing seed soaking treatment 
was found significant on this parameter and significant 
higher pod length was recorded in PY compared to US and WS, 
which were at par (Table 19). 
4.1.2.3 Seed number per pod 
Like pod length, this parameter was also affected 
only by pre-sowing seed soaking treatment and PY had the 
best effect and the value differed critically from that for 
the other two treatments. The effect of US and WS were at 
par (Table 19). 
4.1.2.4 1,000 seed weight 
Application of Ca and pre-sowing seed soaking 
treatment did not show significant effect on this parameter 
(Table 20). 
4.1.2.5 Seed yield 
The effect of Ca and pre-sowing seed soaking 
treatment was found significant on this parameter (Table 20). 
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Application of Ca-iQ gave equal effect when compared 
to the application of Ca^r, and Ca^Q. In the treatment where 
Ca was not applied there was significant decrease in the 
yield. 
Regarding the effect of soaking, pyridoxine treatment 
gave significant superior value when compared to US and WS 
treatments, while the values recorded for these two controls 
did not significantly differ from each other. 
4.1.2.6 Harvest index 
This parameter was affected significantly only by the 
pre-sowing seed treatment (Table 20). 
PY gave significantly higher value than those for US 
and WS, which were at par with each other. 
4.1.2.7. Seed protein content 
The effect of Ca and pre-sowing seed soaking 
treatment and their interaction was not found significant on 
this parameter (Table 21). 
4.1.2.8 Protein yield 
The effect of Ca and pre-sowing seed soaking 
treatment was found significant on this parameter. However, 
the interaction effect was not found significant (Table 21). 
Regarding the effect of Ca, it was noted that Ca^ p^ 
(equalled by Ca2Q and Ca^p) proved best and the value was 
found statistically superior to that in Ca^ .. 
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82 
Pyridoxine treatment (PY) gave significant nigher 
protein yield than US and WS, which themselves were at par 
in their effect. 
4.1.3 Biochemical and chemical parameters 
4.1.3.1 Nitrate reductase activity (NRA) 
Only the effect of pre-sowing seed treatment was 
found significant on this parameter (Table 22). Significant 
higher NRA was recorded in plants receiving pre-sowing 
pyridoxine seed treatment at all stages. Treatment US being 
at par as with WS, showed poorest effect. 
4.1.3.2 N, P, K and Ca status of plants 
4.1.3.2.1 Nitrogen status 
The effect of Ca, pre-sowing seed soaking treatment 
and their interaction effect was found significant on this 
parameter at all stages, except the interaction effect at 45 
DAS (Table 23). 
Regarding the effect of Ca, Ca-j^ Q, being at par with 
Ca-Q and Ca^Q, gave significant higher value than Ca^ at all 
stages. 
Significant higher nitrogen status was recorded in PY 
than in US and WS. The effect of US and WS was at par. 
Pertaining to interaction effect, Ca^Q x PY (equalled 
by Ca^Q X PY) proved best and the value differed critically 
from all other interaction effects at both the 15 and 30 DAS 
stages. Ca^ x US, being at par with Ca^ x WS, gave the 
poorest effect. 
 
 
 
 
 
  
 
 
 
<a 
m 
u 
0) 
U 
Q> 
- P 
ro 
M 
-P 
•rH 
C 
0) 
. c 
c 
o 
> 1 
0) 
c 
•H 
X 
o 
•a 
• H 
M 
> i 
a, 
+> C (U 
E 
4J 
ffl • 
a) ^ 
u •^ 
4-) 1 
E-i 
01 en 
C C 
•H 0 
s 0 0 e 
to 
1 U 
0) 1 
in 
•D 
C IH 
(d 0 
^^  ^^  
IT) - ^ 
o \ c . :JI 
\ 
2 s: 
• H 
U rH 
';;J o ?, E 
o 
10 
(0 S 
XI 11) 
M 
M-i a 
o-H 
•^ 
+^-y 
M-Jfl 
in U 
U (0 
• f f 
f M 
N 
0) 
r H 
Xi 
Id 
frt 
*-^  (fl 
0) 
4J 
ID 
U 
• H 
. H 
a 0) 
M 
<u 0) 
M 
x: 
+ j 
>M 
0 
c 
0) 
s 
—' 
^^  
en 
*£ 
a 
*—' 
(0 
(U 
C7I 
« 4J 
M 
D i 
C 
•H 
i H 
a E 
10 
w 
m 
I * 
o 
n 
-^^  10 
s: \ 
<o 
u 
en 
M 
«-^  
U) 
+J 
c 
m B 
-p 
10 
0) 
u 
• p 
i H 
(0 
en 
10 
CQ 
i n 
i H 
in 
c 
c e 
•rH 4J 
Ai (0 
10 (U 
0 U 
w + j 
c 
ro 
0) 
2 
o 
m 
o 
o 
r H 
o 
c 
CO 
0) 
s 
o 
ro 
o 
CN 
o 
l-i 
o 
c 
(0 (U 
s 
o 
n 
o 
CN 
o 
r H 
o 
CTl 
O 
in 
o 
•"r 
•-{ 
in 
o 
0 0 
o 
i n 
o 
0 0 
O l 
^ 
o 
r~ 
f-i 
m 
t 
o 
i n 
U3 
i n 
t 
o 
o 
vo 
in 
• o 
0 0 
vo 
i n 
• 
o 
<N 
r~ 
i n 
1 
o 
CT\ 
l O 
in 
o 
>£> 
i n 
• o 
( N 
i n 
vo 
• o 
crv 
i n 
vo 
o 
n 
r-
vo 
o 
n 
^ VD 
• O 
w D 
O l 
o 
in 
o 
O l 
o 
i n 
o 
vo 
o 
in 
o 
i n 
•-{ 
i n 
o 
O l 
o 
in 
• o 
vo 
vo 
i n 
• o 
•^  vo 
in 
• o 
( N 
t ^ 
i n 
• o 
o 
vo 
i n 
• o 
o 
r^  
in 
o 
( N 
vo 
VD 
• o 
•-{ 
0 0 
vo 
• o 
i n 
vo 
vo 
o 
0 0 
^ vo 
o 
vo 
i n 
vo 
• o 
w S 
0 0 
ro 
i n 
o 
vo 
ro 
i n 
o 
CM 
I -
i n 
C3 
o 
• « « • 
i n 
C3 
• > * 
ro 
i n 
• o 
0 0 
o 
vo 
• o 
0 0 
r-t 
VO 
• o 
o 
o 
vo 
• o 
o 
f - { 
vo 
• o 
t ^ 
o 
vo 
o 
r H 
ro 
• o 
•-< <N 
I ^ 
• O 
ro 
ro 
t -
o 
O l 
^ r-
o 
•'J' 
CM 
t~-
• O 
> 1 
(U 
O l 
•-\ i n 
o 
0 0 
r-i 
in 
CP 
r~ 
r-i 
i n 
o 
o 
CN 
i n 
• o 
o 
CO 
i n 
• o 
o 
0 0 
i n 
• o 
o 
0 0 
i n 
• o 
CN 
CO 
in 
a 
o 
•^  0 0 
vo 
• o 
i n 
0 0 
vo 
o 
o 
<j\ 
vo 
o 
' I ' 
1 ^ 
vo 
• o 
c 
m 0) 
s: 
t j i 
c 
• H 
s o 
m 0 
(D 
e 
- H 
+J 
(U 
£ 
•P 
+J 
10 
•O 
0) 
• H 
r-f 
Q. 
a. 
m 
(0 
10 
S 
10 
s: \ 
u: 
en 
M 
in 
ro 
•O 
C 
10 
^ 
en 
Ai 
O 
ro 
* Z 
en 
M 
o 
r-{ 
MH 
O 
(U 
(0 
0 
i-i 
10 
(0 
10 
XI 
g 
Q 
o 
MH 
• H 
C 
D 
< 
, CO 
a 
• 
+j 
c 
10 
u 
• H 
IW 
• H 
C 
en 
• H (0 
1 
c 0 
z 
II 
• ^  
(U , 
c 
• H 
X 
0 
-0 
• H 
M 
>, FU 
(iP 
g 
II 
> 1 
••^  
•a 0) 
j<: 
10 
0 
10 
u d) 
• p 
10 
II 
w 
S 
,^  
•c (U 
>; 10 
0 
(0 
c D 
II 
cn 
D 
i n 
^ 
o 
ro 
i n 
f-i 
dfi 
i n 
+J 
1 10 
Q 
U 
• 
cn 
iz 
in 
CN 
o 
• 
• 
en 
z 
z 
w 
CTl 
CM 
O 
CO 
z 
w 
z 
> i 
 u cu u 
 
 
 
 
 
  
 
 
 
in 
3 
•P 
Id 
+> 
ui 
c 
(U 
t n 
o 
u 
-p 
•H 
c 
c 
0 
>1 
c 
•H 
X 
o 
•a 
•H 
u 
>1 
Oi 
X! 
•P 
-H 
> 
c 
(U 
E 
m 
(U 
•a 
0) 
0) 
Ul 
o> 
c 
•H 
o 
(0 
I 
(1) 
• a t . 
(0 , 
u 
' ^ (0 
<0 > 
o 
c 
e o 
3 0 
" I 
"id ^ 
« o 
o n 
la 
w 
CM 
5 
(0 
(U 
+J 
Id 
o 
•H 
a 
0) 
u 
0) (U 
x: 
4J 
c 
Id 
(U 
in 
tn 
<: 
Q 
(0 
(U 
cn 
Id 
4J 
10 
t7> 
c 
a, 
e 
(0 
o 
n 
Id 
x; 
Id 
u 
01 
m 
+j 
c 
(U E 
+J 
10 
u 
Id 
CO 
Id 
4J 
c 
cn 0) 
c e 
•H +J 
M Id 
Id 0) 
o u 
(0 -P 
c 
Id 
(U 
s 
o 
M 
i n 
vo 
<ri 
U} 
0 0 
o 
»a 
r--
cn 
( j i 
O I 
o 
O l 
n 
CN 
vo 
n 
n 
' i -
r-
r H 
o 
CN 
c 
Id 
(U 
o 
o 
CN 
C 
Id 
lU 
o 
n 
o 
CN 
»!• 
<J\ 
O 
r H 
I N 
i n 
o 
r-i 
<Tl 
CN 
(£> 
r-
cri 
o 
i H 
CN 
«* O 
. - 1 
^ 
<£) 
iO 
r-i 
"^  
n 
i-H 
VO 
0 0 
CN 
i - l 
r H 
O l 
CT> 
i H 
r-
i H 
. H 
r-
CN 
r H 
r H 
r-\ 
VD 
r-
r~ 
vo 
' J ' 
CTl 
l O 
^ 
VO 
CO 
vo 
cn 
o 
i n 
ro 
CN 
o 
i n 
r-~ 
r-H 
O l 
i n 
00 
o in 
Tf 
"* 
r-
00 
00 
in 
CN 
00 
i n 
CN 
<31 
1X3 
in 
00 
iH 
O l 
r~ 
i n 
• i H 
0 0 
vo 
• i H 
0 0 
f 
"JC 
0 0 
o 
0 0 
o 
• CN 
CO 
^ 
• i H 
CO 
<n 
V 
0 0 
' T 
o 
0 0 
• 
r H 
0 0 
• CN 
<£> 
O 
O 
r~ 
• 
i H 
CTl 
O l 
• H 
ON 
o 
o 
CTl 
00 
w 
D 52 S 
> i 
1^ 
Id 
0) 
£ 
cn 
c 
• H 
s o (0 
MH 
0 
0) 
e 
- H 
+J 
(U 
£ 
+> 
+J 
Id 
•o (1) 
•H 
r H 
a 
a Id 
(0 
Id 
» 
Id 
x: \ Ui 
cr> 
J<i 
i n 
n 
•o 
c Id 
(X 
tn 
X 
o 
ro 
» 
Z 
tn 
^ 
o 
r H 
••H 
o 
0) 
Ul 
o TJ 
r H 
Id 
10 
Id 
XI 
E 
o 
••H 
• H 
C 
3 
<: 
•• 
n 
z 
+j 
c Id 
CJ 
• r l 
I H 
• H 
c tn 
• H 
CO 
I 
c 0 
z 
II 
• tn 
1 
z 
— 
lU 
c 
• H 
X 
o 
•o 
• H 
^ 
> i 
CU 
d<> 
<? 6 
II 
> 1 
a> 
.« 
-0 
(U 
^ 
Id 
0 
(0 
1 
u (U 
• p 
Id 
s 
II 
w 
s 
*•. 
•a (U 
Id 
O 
(0 
c D 
II 
tn 
D 
• 
<N 
a\ 
• 
o 
0 0 
tn 
• Z 
^ ON r o 
r o CN '1* 
i n 
-P 
10 Id 
Q U 
ro 
00 
X 
n) 
o 
 
 
 
 
 
  
 
 
 
83 
4.1.3.2.2. Phosphorus status 
The effect of Ca and pre-sowing seed soaking 
treatment was found significant at all stages. But the 
interaction effect was significant only at 15 DAS (Table 24). 
Regarding the effect of Ca, Ca^Q/ ^^20 ^^^ ^^30' 
being at par in their effect, gave significant higher values 
than Ca. . 
Significant higher P accumulation was recorded in PY 
than in US and WS, which were at par in their effect. 
Pertaining to interaction, Ca2Q x PY (equalled by 
Ca-f. X PY) proved best and the value was found statisti-
cally superior to those for all other interactions. Ca. x US 
being at par with Ca^ x WS gave poorest effect. 
4.1.3.2.3 Potassium status 
The effect of Ca, pre-sowing seed soaking treatment 
and their interaction was found significant at all stages, 
except the effect of Ca and the interaction effect at 15 DAS 
(Table 25). 
Regarding the effect of Ca, at 30 DAS, Ca-,Q signi-
ficantly proved best. Moreover, Ca^^t being at par with Ca^_, 
gave significant higher value than Ca^ .. At 45 DAS, Ca,,. 
(equalled by Ca2Q) gave significantly higher value than 
Ca^Q and Ca^. The control (Ca^) gave significantly lowest 
value. 
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Regarding soaking treatment, US and WS being at par 
in their effect, gave significant poorest value. 
Pertaining to interaction effect at 30 DAS, Ca-j^ Q/ 
Ca-Q as well as Ca^Q x PY, showing equal effect, gave 
significantly higher value than those for all other 
interactions. At 45 DAS, Ca,Q x PY, being at par with Ca2Q x 
PY proved best and the value was found statistically 
superior to those for other interactions. At both stages, 
Ca^ X WS and Ca^ x US showed equallyed poor effect. 
4.1.3.2.4. Calciiiro status 
The effect of Ca application, pre-sowing seed soaking 
treatment and their interaction was found significant at all 
stages, except the interaction effect at 45 DAS (Table 26). 
Regarding effect of calcium, a gradual increase from 
Ca^ to Ca^Q was found. At 15 DAS, all values differ 
critically, while at 30 and 45 DAS ^^20 ^^^ ^^30 s^ <^ ®^^  
equal effect. 
Considering the effect of pre-sowing seed treatment, 
significant higher Ca was noted in PY compared with US and 
WS, which were at par in their effect. 
Regarding interaction effect at 15 DAS, Ca^Q x PY 
proved best and the value differed critically from all 
others. However, at 30 DAS, Ca2Q x PY (equalled by Ca^Q x 
PY) gave significantly higher value than those for other 
interactions. At both the stages, CBQ X US, being at par 
with CaQ X WS showed the poorest effect. 
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4.2 EXPERIMENT 2 
In this factorial randomised field experiment on 
mustard var. Varuna^ the effect of four basal doses of 
calcium,viz. 0 kg Ca/ha (Ca^ ), 20 kg Ca/ha (Ca2Q)/ 40 kg 
Ca/ha (Ca^g) and 60 kg Ca/ha (Cagg) and of pre-sowing seed 
treatment with graded aqueous pyridoxine solution, viz. 
Unsoaked (US), water-soaked (WS), 0.01% pyridoxine (PY^) and 
0.02% pyridoxine (PY-) alone and in combination were studied 
on growth characteristics, N, P, K and Ca status of plants, 
yield attributes, seed yield and seed oil content. The data 
are summarised in Tables 27-43 and are briefly described 
below. 
4.2.1 Growth characteristics 
In this experiment, nine growth parameters, namely 
height per plant, leaf number per plant, leaf area index 
(LAI), fresh weight per plant, dry weight per plant and root 
length were determined at 50, 70 and 90 DAS and crop growth 
rate (CGR), relative growth rate (RGR) and net assimilation 
rate (NAR), during 50-70 DAS (Tables 27-35). 
Generally the effect of Ca application as well as 
pyridoxine treatment was significant on the growth 
parameters at almost all stages. However, the interaction 
effect was not found significant at any stage, except fresh 
weight per plant at 90 DAS and dry weight per plant at 
70 DAS. 
 
 
 
 
 
  
 
 
 
86 
4.2.1.1 Height.per plant 
The effect of the application of Ca and of pyridoxine 
treatment was found significant on this parameter at all 
stages (Table 27). 
Regarding the effect of Ca, Ca^Q (equalled by Cagg) 
proved best and the value differed critically from others at 
all stages. Control (Ca.) gave significant lowest value at 
all stages, except at 70 DAS when the value was found 
statistically equal to that for Ca_^. 
Regarding seed soaking treatment, maximum plant 
height was noted in PY at all samplings. However, at 50 
DAS, it was statistically equal to that for PYi • The two 
controls (US and WS), having equal effect, produced 
shortest plants. 
4.2.1.2 Leaf number per plant 
The effect of Ca application and of seed-soaking 
treatment was found significant on this parameter at all 
stages (Table 28). 
Leaf number increased gradually upto CagQ at all 
samplings as a result of Ca application. Ca,^ produced 
significantly maximum leaf number at 50 DAS. However, its 
value was found statistically equal to those for Ca.^ . at 70 
and 90 DAS. Ca^ gave significant poorest effect at 50 and 90 
DAS but at 70 DAS the effect was at par with that of Ca»«. 
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87 
Regarding seed soaking treatments, PY2 gave signifi-
cant higher value at 50 DAS; but at 70 and 90 DAS, the value 
was statistically equal to that for PY2. WS (equalled by US) 
gave the significant poorest effect at all samplings. 
4.2.1.3 Leaf area index (LAI) 
The effect of Ca application and pre-sowing seed 
soaking treatment was found significant on this parameter at 
all stages (Table 29). 
Regarding the effect of Ca, CagQ and Ca^ Q,- showing 
equal effect at all stages, gave significantly higher value 
than the other calcium treatments. Ca^ gave significant 
poorest effect at all stages, except at 70 DAS when its 
effect was at par with that of Ca-_. 
Pertaining to seed treatments, PY- gave higher value 
at all stages which differed significantly from the others 
at 90 DAS. However, at 60 and 70 DAS, its effect was equal 
to that of PY, . The value given by WS was statistically 
equal to that for US at all stages and also to that for PY, 
at 70 DAS. 
4.2.1.4 Fresh weight per plant 
The effect of Ca application and pre-sowing seed 
treatment was found significant on this parameter at all 
stages. However, the interaction effect was found 
significant only at 90 DAS (Table 30). 
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88 
Regarding the effect of Ca, Ca^Q (equalled by Ca^^) 
gave higher value than those given by all other calcium 
treatment. Control (Ca^) gave significant lowest value at 
all stages. 
Pertaining to soaking treatment, significant highest 
fresh weight was recorded in PY^ at all samplings. US and WS 
showed equal effect at every stage. 
Regarding interaction effect, Ca-Q x PY- (being at 
par with Ca--^  x PYj) gave significant higher value than 
those for other interactions at 90 DAS. Ca^ x WS (equalled 
by Ca^ . X US) showed equal effect and was the lowest 
recorded. 
4.2.1.5 Dry weight per plant 
The effect of Ca application and of pre-sowing seed 
soaking treatment was found significant at all stages. The 
interaction effect was also significant on this parameter 
but only at 70 DAS (Table 31). 
CagQ (equalled by Ca.Q) gave maximum value which 
differed critically from those for other treatments at all 
stages. Ca^ , gave significant lowest value. 
Among soaking treatments, significant maximum shoot 
dry weight was recorded in PY. at all samplings. For this 
parameter, PY^ ^ also gave significantly higher value than 
those for US and WS. At all stages, unsoaked (US) and 
water-soaked (WS) control were equal in their effect. 
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89 
Considering interaction effect, Ca x PY„ (equalled 
by Ca.f. X PY_) produced maximum dry weight and the value 
differed critically from those for the rest of the 
interactions. Cap x WS (equalled by Ca^ x US) gave the 
poorest effect. 
4.2.1.6 Root length per plant 
The effect of Ca and pre-sowing seed treatment was 
found significant at all growth stages (Table 32). 
The effect of Ca^Q and CagQ was equal on this para-
meter also. However, the values differed significantly with 
those for Ca-n and Ca^ at all stages. On the other hand, the 
significant lowest value was given by Ca,.. 
Regarding soaking treatments, PY2 proved best and the 
value differ statistically from other treatments at all the 
samplings except at 50 DAS when its effect was at par with 
that of PY,. The unsoaked (US) and water-soaked (WS) 
controls, showing equal effect gave significant poorest 
value at all stages. 
4.2.1.7 Crop growth rate (CGR) 
The effect of Ca and of pre-sowing seed treatment was 
found significant at both growth intervals (Table 33). 
Pertaining to Ca application, the effect of CagQ 
(equalled by Ca^^) was significantly higher and differed 
critically with those of the remaining treatments at both 
intervals. Control (CSQ) gave significant poorest effect. 
 
 
 
 
 
  
 
 
 
o 
en 
lA 
0) 
+J 
10 
O 
•H 
iH 
Q. 
0) 
U 
0) 
(1) 
s: 
+j 
0 
c 
en 
Q 
u) (U 
D> 
m 
+1 
vt 
c 
•H 
a 
E 
(D 
(A 
t7> 
in 
+J 
C 
(U 
g 
+J 
(0 
0) 
(0 
(0 
PQ 
c 
CO 
(U 
. 
M 
( N 
. 
<N 
CN 
, in 
CN 
. 
r^  
CN 
o 
U3 
o 
o 
CM 
O 
CM 
CN 
CN 
CN 
0 0 
i n 
CN 
' I ' 
CN 
C I 
0 0 
r-t 
0 0 
CM 
CN 
f N 
o\ 
CN 
o-i 
CM 
i n 
CN 
" T 
n 
CM 
CN 
«) 
n 
CN 
I -
o 
( M 
c 
10 
(U 
o 
1X3 
O 
O 
CN 
c 
10 
£ 
o 
O 
CN 
(A 
+J 
C 
n e 
•H 4J 
M CO 
ID 
CN 
CM 
CN 
CM 
in 
CN 
in 
CN 
CN 
00 
r--
00 
>-\ 
CN 
CN 
ID 
m 
00 
CN 
CM 
CM 
in 
CN 
CN 
o 
CN 
n 
00 
CO 
CN 
CN 
CM 
00 
(N 
CN 
CM 
o 
CM 
CM 
O 
n 
00 
CM 
CN 
CN 
00 
CM 
VO 
CN 
CN 
CM 
ID VO VO 
rH n M' 
CM CN CN 
VO 
CN 
CN 
vo 
CN 
CM 
CTl 
in 
CN 
CN 
CN 
o 
CM 
r-
0 0 
CN 
CTl 
o 
CM 
a\ 
in 
CM 
CM 
CN 
CN 
i-H 
O 
CN 
in 
CM 
ro 
CN 
CTl 
CN 
CM 
CM 
r~ 
CN 
cn 
cn 
w D 
M 
s 
r H 
> 1 
1^ 
CN 
>, (1< 
c 
m 0) 
2 
, 
en 
c 
• H 
s o (fl 
<w 
o 
(U 
e 
• H 
+J 
0) 
£ 
JJ 
4J 
n) 
•c 
0) 
• H 
r H 
a 
a< 
10 
(0 
CO 
> 
10 
£ 
\ 
« 
D i 
J<i 
O 
C^ 
•0 
C 
lO 
cu 
o> X 
o 
f o 
H 
z 
en J.J 
o 
<Ti 
MH 
O 
CU 
to 
0 
T3 
r-i 
10 
in 
rO 
XI 
E 
o 
m 
• H 
c 3 
+J 
C 
(0 
u 
• H 
I H 
• H 
C 
tn 
• r t 
(0 
c 
o 
s 
II 
• w 
* 
z 
.^  
0) 
c 
• H 
X 
0 
•o 
•H 
U 
> i 
a 
df> 
CN 
O 
• O 
II 
CN 
> 1 
Ot 
.. 
<u 
c 
• H 
X! 
0 
•o 
•H 
u 
> 1 
a 
(#p 
H 
o 
• 
o 
II 
r-< 
> 1 
b 
• •• 
•a 
v X (0 
o (fl 
)H 
a> 
+) 
<o S 
II 
w 
S 
•* 
•a CU 
X 
<o 0 
m 
c D 
(0 
D 
o o w 
rH H Z 
rH rH W 
rH rH Z 
(/I 
z' 
dp 
i n 
•P 
(0 
(0 
> l 
X 
> i 10 
(l4 U 
o 
 
 
 
 
 
  
 
 
 
0 
c 
• r l 
X 
0 
•0 
•H 
u 
> 1 
Q4 
* 2 
+^5 
C "^ 
0) " 
(0 
dJ 3 
« e 
2'* 
•So 
> ^ 
0 >, 
0) (0 
1 TJ 
MOM 
Q 4 E 
\ 
10 
^ 0 ^ 
R ro 
O " 
S | 
_. 0 
rlJ ^ S en 0} 
S Q4 
•^ 0 
^ 
4-t O 
0 
C 
+J 0 
u ( U ^ 
IW > i 
M-f CU 
w ^ 
• • 
M 
ro 
,0 
m &H 
^ 
(fl 
m 
u 
• H 
a. 
u 
d) 
d) 
•p 
0 
c 
10 
(U 
^^ 
i H 
(0 
> u 0) 
4J 
c 
• H 
(0 
> i 
10 
•o 
• w ^ 
(0 
0) 
t7> 
(0 
•P 
m 
D^  
c 
•H 
1-4 
<0 
Cfi 
o 
o 
r^  
o 
r^  
o 
i n 
to 
-P 
c 
en 0) 
c E 
•H -P 
0 U 
W -P 
^ • ^ 
<0 
X 
0) 
(0 
0 
E 
O 
r H 
(0 
o 
rH 
(0 
(0 
lO 
03 
c 
ro 0) 
r 
o 
vo 
o 
1 * 
o 
o 
c (0 
o 
o 
^ 
o 
CN 
o 
0 0 
(Ti 
• 
0 0 
vo 
'* 
o 
r-l 
O 
o 
<-\ 
n 
CM 
00 
^ 
a\ 
vo 
o 
• 
^ 
oc 
CO 
CM 
<Ti 
0 0 
O 
o 
• 
r~ 
^ 
VD 
i n 
M 
D 
<T> 
CTt 
• 
00 
r^  
i n 
o 
r-{ 
f N 
r H 
O 
r H 
r^  
^ 
0 0 
CO 
r-
U3 
CM 
i n 
• 
n 
<r> 
0 0 
i n 
\D 
0 0 
CM 
i H 
• 
r~ 
r~ CO 
i n 
w S 
r-0 0 
• 
o 
r H 
CO 
0 0 
CM 
i H 
i n 
CO 
CM 
r H 
U3 
>* 
cn 
CO 
CO 
0 0 
CO 
CM 
• 
r^  
o 
r H 
i H 
CO 
t ^ 
O 
r H 
cn CO 
• 
0 0 
CM 
<T» 
1 ^ 
i H 
> i 
O, 
r H 
yo 
• 
CM 
r H 
CM 
i n 
^ 
r H 
CM 
^ 
^ 
r H 
CM 
O 
CM 
r H 
00 
^ 
<Tl 
i n 
o 
• 
r H 
i H 
VO 
a\ 
CN 
i H 
CO 
0 0 
CM 
r H 
yo 
CO 
• 
o 
i H 
CO 
o 
00 
CM 
>. 
a< 
o 
r H 
CM 
i H 
O 
00 
r H 
r H 
t ^ 
VO 
<n 
0 0 
00 
r^  
i n 
^ 
o 
r H 
0 0 
CM 
o 
r H 
CM 
CN 
• 
0 0 
<Tl 
' * 
<JS 
c 
(0 
0 
s 
0) 
E 
^ 
4J 
0) 
x: 
4J 
•p 
10 
•H 
,—1 
Qi 
(0 
(0 
<0 
<0 
x: 
o 
CO 
c 
10 
cu 
CT> 
O 
CO 
H 
z 
a> 
o 
cr> 
(t-i 
0 
0) (0 
0 
•D 
i H 
(0 
to 
10 
jQ 
• E a> 
M C 
0 -H 
4-t ^ 
•H 0 
c to 
D 
m 
< 0 
• • 
oa 
2 
• ^  (U 
c 
•rH 
X 
0 
•o 
- H 
V4 
> 1 
C»P 
CM 
O 
• 
o 
II 
CM 
> i 
PU 
(U 1 
c ! 
• H 
X 
0 
-o 
•H 
>, 
< 
c»P O 
i H 
O 
• 
o 
II 
r H 
> 1 
CU 
TJ 
(0 
0 
to 
1 
M 
0} 
+J 
<0 
s 
• 
II -p 
c 
ui ta 
s o 
• H 
M-l 
- - H 
•a c 
Q) C7I 
;i<i - H 
(0 to 
0 1 
to c C 0 
D Z 
II II 
• • 
t/D W 
• • D Z 
o 
CTl 
1 
o 
r~ 
o 
1 
o 
i n 
dP 
i n 
-P 
(0 
Q 
U 
rH i H 
CTl cn w 
o o 2 
CM CO • 
0 0 0 0 C/3 
• • • 
o o 2 
> 1 
(X 
X 
m >i (0 
u cu u 
 
 
 
 
 
  
 
 
 
90 
Regarding soaking treatments, PY2 gave significant 
maximum value and US and WS (being at par in their effect) 
gave significant lowest value at both intervals. 
4.2.1.8 Relative growth rate (RGR) 
The effect of Ca application and of pre-sowing seed 
soaking treatment was found significant at 50-70 days growth 
interval only (Table 34). 
Pertaining to Ca effect, it was found that RGR 
increased significantly upto Ca-^ ., which proved at par with 
*^ 6^0-
PY2 proved best and the value differed critically 
with those for other soaking treatments. US and WS (showing 
equal effect) gave significant poorest value. 
4.2.1.9 Net assimilation rate (NAR) 
The effect of the application of Ca and of pre-sowing 
seed soaking treatment was found significant at both 
intervals, viz. 50-70 and 70r-90 DAS (Table 35). 
Ca^Q (equalled by Ca^ ^^ ) proved best and the value was 
found to differ statistically with those for the other 
treatments at both intervals. Control (Ca_) gave significant 
poorest effect. 
Pertaining to soaking treatments, significant higher 
NAR was recorded in PY^ at both intervals. US and WS, being 
equal in their effect, gave significant lowest value. 
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4.2.2 Yield and quality characteristics 
Yield parameters (pod number per plant, seed number 
per plant, 1,000 seed weight, seed yield, harvest index, 
seed oil content and seed oil yield) were studied at 
harvest. The effect of Ca application and of pre-sowing seed 
treatment was found significant on all the yield parameters 
studied, except 1,000 seed weight and seed oil content. 
Similarly the effect of Ca on harvest index> and the 
interaction effect on all parameters was non-significant. 
The data are summarised below (Tables36-38). 
4.2.2.1 Pod number per plant 
It was noted that there was gradual significant 
increase in pod number per plant as a result of application 
of increasing doses of Ca from Ca^ . to Ca^ .^. 
Among soaking treatments, PY2 proved best and the 
value differed critically from those for the other soaking 
treatments. Unsoaked (US) and water soaked (WS) controls, 
showing equal effect, produced significant lowest number of 
pods (Table 36). 
4.2.2.2 Seed number per pod 
The effect of Ca^Q (equalled by Cagg) proved best and 
the value differed critically with those for other 
treatments. Control (Ca_) gave significant lowest value. 
Significant maximum value for seeds per pod was 
recorded in PY^ and PY2 which were at par. The effect of US 
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92 
and WS was found at par and significantly minimum 
(Table 36). 
4.2.2.3 1,000 seed weight 
The effect of all treatments was found non-
significant on this parameter (Table 36). 
4.2.2.4 Seed yield 
Seed yield increased significantly by Ca application. 
However, the effect of Ca-._ was found statistically equal to 
DU 
that of Ca-^. Caj> gave significantly the lowest value. 
Treatment PY^ gave significant maximum seed yield 
followed by PY, . The unsoaked (US) and water-soaked (WS) 
controls, being equal in their effect, gave significant 
minimum seed yield (Table 37). 
4.2.2.5 Harvest index 
As mentioned earlier, only the effect of pre-sowing 
seed treatment was found significant on this parameter 
(Table 37). Significant higher harvest index was recorded in 
plant receiving pyridoxine treatment. However^the value for 
PY, and PYj were at par. US, being at par with WS, showed 
significant poorest effect. 
4.2.2.6 Seed oil percentage 
The effect of Ca and pre-sowing seed soaking 
treatments and their interaction effect was not found 
significant on this parameter (Table 38). 
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93 
4.2.2.7 Oil yield 
The effect of Ca application and of pre-sowing seed 
soaking treatments was found significant on this parameter 
(Table 38). 
Caf-Q (equalled by Ca.j^ ) gave maximum value which 
differed critically with those for the other treatments. 
Control (Ca.) gave significant lowest value. 
Significant maximum oil yield was recorded in PY-. 
Unsoaked (US) and water-soaked (WS) controls, being equal in 
their effect, gave significant lowest value. 
4.2.3 Biochemical and chemical parameters 
4.2.3.1 Nitrate reductase activity (NRA) 
Only the effect of pre-sowing seed soaking treatment 
was found significant on this parameter and that also at 50 
and 70 DAS (Table 39). 
At 50 DAS, PYj proved best and the value signifi-
cantly differed critically from those for the other 
treatments on the other hand, the values given by PY , US 
and WS were statistically equal to each other. At 70 DAS, 
PY^ (equalled by PY2) proved best and the value differed 
critically from the others. Treatment WS and US showed equal 
effect on this parameter. 
4.2.3.2 N, P, K and Ca status of plants 
4.2.3.2.1 Nitrogen status 
The effect of Ca and of pre-sowing seed treatment was 
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94 
found significant on this parameter at all stages (Table 40). 
With regard to the effect of Ca, Ca^Q (being at par 
with Ca,f.) gave significant higher value than those for the 
other treatments. Control (Ca-) showed significant poorest 
effect. 
Maximum N accumulation was recorded in PY2 at all 
three stages of growth. US and WS (showing equal effect) 
gave significant lowest value. 
4.2.3.2.2 Phosphorus status 
The effect of Ca and of pre-sowing seed soaking 
treatment was found significant at all stages (Table 41). 
The P status of the plants was found to be affected 
favourably upto Ca,^. However at all stages, Ca.^ equalled 
it in its effect. 
Pertaining to seed soaking treatments, PYj gave 
significant maximum value at all stages. The effect of US 
and WS was found to be at par and significantly lower than 
the other soaking treatments. 
4.2.3.2.3 Potassium status 
The effect of Ca application and of pre-sowing seed 
soaking treatment was found significant at all stages 
(Table 42). 
Regarding the effect of Ca at 50 DAS, Ca^Q and Cag^ 
showing equal effect, gave maximum value. The effect of Ca^« 
40 
differed critically with CajQ and Ca^. However, the values 
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95 
given by Cag^, Ca2Q and Ca^ did not significantly differ 
with each other. At 70 DAS, Ca.- again gave maximum value, 
which was statistically equal to that for Cag^; but differed 
critically with those for other calcium treatments. However, 
for this parameter Cag^ and CajQ also showed equal effect. 
The control (Ca.) resulted in significantly lowest K status 
of plants. 
At 90 DAS, Ca^Q showing, equal effect with CagQ, 
proved significantly best. At this stage, the control (Ca^) 
again significantly proved poorest. 
Pertaining to soaking treatments PY2 gave significant 
maximum value at all stages. Treatments US and WS being 
equal in their effect gave significant lower value. 
4.2.3.2.4 Calcium status 
Like, N, P and K status, the effect of Ca application 
and of pre-sowing seed soaking treatment was found 
significant on this parameter at all stages (Table 43). 
With regard to Ca application, a gradual signifi-
cant increase in the calcium status of plants from Ca_ to 
CagQ was noted at all three growth stages, except at 50 DAS, 
v*iere the value for Ca.-, was found statistically equal to 
that for CagQ. All other values differed critically with 
each other at all stages. 
Pertaining to seed soaking treatments, PY gave 
significant higher value and US and WS (showing equal 
effect) gave significant lowest value. 
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96 
4.3 EXPERIMENT 3 
In this factorial randomised field trial on wheat 
var. HD-2204, the effect of four basal doses of calcium 0 
(Ca-), 20 (Ca2Q)/ 40 (Ca^g) and 60 (Cagg) kg Ca/ha, of pre-
sowing seed treatment with graded aqueous pyridoxine 
solution, viz. un-soaked (US), water-soaked (WS), 0.01% 
pyridoxine (PY,) and 0.02% pyrixoine (^^2^ ^^^ °^ their 
interaction, was studied on growth characteristics, N, P, K 
and Ca accumulation, yield attributes, grain yield and grain 
protein and carbohydrate contents and yield. The data are 
summarised in Tables 44-62 and are briefly described belowt 
4.3-1. Growth characteristics 
Nine growth parameters, namely, height per plant, 
leaf number per plant, leaf area index (LAI), tiller number 
per plant, fresh weight per plant, dry weight per plant, 
crop growth rate (CGR), relative growth rate (RGR) and net 
assimilation rate (NAR), were studied at various stages of 
growth. 
Out of these parameters, height per plant, leaf 
number per plant, LAI, tiller number per plant, fresh weight 
per plant and dry weight per plant were studied at 50, 70 
and 90 DAS. CGR, RGR, NAR were studied at 50-70 and 70-90 
DAS intervals (Tables44-52). 
Generally, the effect of calcium (Ca ) and of pre-
sowing seed soaking treatment was found significant on 
 
 
 
 
 
  
 
 
 
97 
growth parameters at almost all stages. However interaction 
effect was found significant on plant height, fresh weight 
and dry weight only. 
4.3.1.1 Height per plant 
The effect of Ca, pre-sowing seed soaking treatment 
and their interaction was found significant on this 
parameter, except the interaction effect at 50 D7>kS 
(Table 44) . 
At 50 DAS, all calcium levels (Ca20' ^^40 ^^^ ^^60^ 
showed equal effect on this parameter. However, at 70 and 90 
DAS, Ca.j. (equalled by Ca^^) gave maximum value which 
differed critically with the rest of the treatments. Control 
(Ca,.) gave significant lowest value at all stages. 
Treatment PYj gave significant maximum value which 
differed statistically from those for other treatments. US, 
being at par with WS, gave significant lowest value. 
The interaction Ca^Q x PY2, being at par with Ca^^ x 
PY^, gave maximum value and its effect differed critically 
with that of the rest of the interactions at 70 as well 90 
DAS. Ca. X US (equalled by Ca^ x WS) gave significant lowest 
effect at both stages. 
4.3.1.2 Leaf number per plant 
The effect of Ca application and of pre-sowing seed 
soaking treatment was found significant on this parameter at 
all stages (Table 45). 
 
 
 
 
 
  
 
 
 
o 
E 
o 
-p 
c 
ID 
r-i 
1 4 
£ 
en 
•H 
0) 
x: 
c 
o 
">! 
OM 
<U 
c 
• rH 
X 
0 
TJ 
•H 
U 
> i 
a 
x; 
•M 
••H 
s 
4J 
C 
0) 
e +j 
ffl 
lU 
M 
-M 
T) 
(U (U 
(0 
rp 
c 
•ft 
s 0 
m 
1 
(U 
v^  
a 
•n 
c 
m 
,-, 
rd 
U 
~^  
E 
3 
•H 
o 
i H 
10 
u 
i H 
R) 
(0 
flj 
43 
>W 
O 
+J 
O 
0) 
•M 
>«-4 
^ 
• • 
* 
^ 
t> 
H 
43 
m H 
• T j " 
o 
CM CVl 
o 
s 
u (0 
> 
+) 10 
d) 
£ 
> 
*—s 
0) 
• p 
10 
o 
•H 
i H 
ex 0) 
u 
0) (1) 
M 
x: 
+J 
IM 
0 
c 
n) (1) 
*--' 
en 
<: 
p 
(0 (U 
en 
(0 
•p (n 
C 
•H 
r-l 
a. 
e 
(0 
w 
o 
o 
rO 
O 
cn 
in 
4J 
C 
0) 
e 
+j 
m 
0) 
M 
rd 
CO 
10 
PQ 
o 
in 
+J 
C 
cn a) 
c e 
• H +J 
X 10 
rO 0) 
O U 
C 
(U 
o 
U5 
O 
o 
c 
(0 
(U 
s 
o 
o 
o 
c 
(0 
0) 
o 
«5 
O 
O 
00 
to 
r--
i n 
i n 
00 
CO 
CTv 
c-i 
o 
IT) 
rH 
r-
ID i n 
ID CN 
i n 
oo 
in o vo 
i n 
00 
i n «3 vo 
in 
vo 
00 
in in 
i n o CM 
vo 
i n 
CO 
in 
o 
vo vo 
00 
i n 
vo 
I" 
o^ 
00 
"I* 
vo 
00 
o 
in 
o 
ro 
in 
vo 
in 
i H 
in 
l~-
i-l 
in 
vo CO ro in 
CO 
i n 
vo o in i n 
o 
in 
ro CVI VO ro i n vo 
w D 
CO 
S 
i H 
> l 
(U 
CM 
> 1 
PI 
B 
10 
a T. 
cn 
c 
•H 
s 0 (0 
i H 
0 
Q) 
R 
•^ ^ 
+J 
0) 
x: 
4J 
• p (0 
T> (U 
•A 
i - l 
D4 
OJ 
ro 
Ul 
rrt 
S 
10 
x: 
• v 
u:: 
fT' 
>! 
o 
in 
T) 
d 
10 
(^  
KT^ 
X 
CD 
M 
^ 
z 
m J<! 
o (N 
i H 
>M 
0 
0) (0 
0 
•o 
i -H 
rO 
[0 
ro ja 
a 
0 
M-l 
• i H 
c: 3 
ri: 
. 
CQ 
2: 
• « (U 
c 
•H 
X 
0 
•o 
•H 
u 
> 1 
CU 
*> CN 
O 
• O 
II 
<N 
> i 
ft 
(U 
c 
•H 
X 
0 
•a 
•H 
M 
> i 
ft 
(»P 
H 
o 
o 
II 
> 1 
ft 
• » 
•o (U 
X 
ro 0 
(0 
^ 0) 
•P 
10 
IS 
II 
CO 
s 
• » 
•o (U 
J4 
ro 0 
tn 
c D 
II 
, 
w 
D 
Q 
o 
ro 
r H 
C O 
r-^ 
in 
CM 
^ ^ 00 
o o o 
dP 
in 
•P 
(0 
D ro U 
> i 
ft 
> i 
ft 
K 
ro 
O 
o 
 
 
 
 
 
  
 
 
 
0 
J-) 
C 
u Q) 
Xi 
e 3 
C 
I M 
IT) 
0) 
r H 
c 
0 
^^  
> 1 
ft 
0) 
c 
•H 
X 
o 
•o 
•H 
V^  
> i 
a 
x: 
+ j 
• H 
S 
4J 
C 
<u 
e + j 
m (U 
M 
+ j 
T! 
0) 
0) 
m 
3 1 
c 
• H 
o 
1 (U 
M 
n, 
-a 
c (0 
,_ 
(d 
u 
e 
a • H 
u 
1-1 
Id • ^ 
u o 
r-\ 
Id 
10 
Id 
XI 
I M 
o 
- p 
u 0) 
M-l 
t - l 
U 
• • 
i n 
«* 
0) 
H 
a IS 
M 
f N 
<>* 1 
g 
M 
Id 
> 
+J 
Id 
0) 
£ 
» 
—^* 10 
(U 
-p 
Id 
0 
• H 
f H 
a 
lU 
M 
(U 
0) 
u A 
+1 
m 
o 
c 
Id 
0) 
-^ ^ 
D 
(0 
(U 
O i 
n 
4J 
(0 
c 
•H 
a 
E 
Id 
CO 
o 
id 
Id 
u 
en 
(0 
c 
0) 
e 
Id 
-P 
Id 
(0 
IB 
C 
10 
(U 
s: 
o 
O 
o 
O 
in 
10 
C 
cn 0) 
c g 
• H 4J 
a, Id 
Id 0) 
o u 
in ^ 
c 
rd 
(U 
o 
«5 
O 
O 
c 
Id 
(U 
o 
o 
o 
fN 
00 
i-H 
(N 
O 
r~ 
<N 
CN 
(N 
00 
n 
CN 
I - l 
in 
CN 
i H 
CN 
CN 
o 
CN 
00 
Ol 
CN 
in 
r- o 
CN 
CN 
CN 
in 
CTl 
in 
0 0 0 0 CN 
H H cs 
0 0 
ID n 
H 
CN 
in 
O l ' 1 ' 
0 0 
n CN 
o 
0 0 
as r^ 
f ^ o 
f N 
in 
n 
0 0 
n 
i n 
f N 
f N 
CN 
f N f N 
o 
CN 
0 0 
CN 
CN 
cn 
i n 
CTl 
i n 
CTl 
H 
I ^ 
0 0 
• H 
<n 
I -
CN 
VO 
n 
CN 
i H 
i n 
CN 
cn 
CN 
f N 
e-H 
CM 
f N 
O 
H 
f N 
O 
CN 
in 
en 
i-H 
f N 
<n o 
r^ CN 
CN 
CN 
O 
(TV 
VO 
i n 
o 
•<l' 
^ 
0 0 
vo 
f N 
ro 
in 
D g 
i H 
> i 
ft 
f N 
> i 
ft 
C 
Id 
lU 
£ 
tJI 
c 
o 
(0 
o 
e 
•H 
+J 
(U 
JS 
+1 
•P 
Id 
(U 
•H 
r H 
Q . 
Id 
(0 
Id A \ 
»<: 
CJ) 
X 
o 
in 
•a 
c 
Id 
cn 
o 
n 
4J 
C 
Id 
u 
•H 
IP 
•H 
C 
CT> 
• H 
(0 
I 
c 
o 
z 
in 
z 
(U 
c 
•H 
X 
o 
•c 
-H 
>1 
ft 
dP 
tN 
O 
C\ 
> l ft 
c 
•H 
X 
o 
•H 
U 
> i 
ft 
ft 
a> 
^ 
o CN 
r H 
>H 
0 
0) 
(0 
o 
•a 
i H 
Id 
(0 
Id 
a 
p 
M 
0 
i p 
•H 
C 
9 
< 
.. 
, 
n 
» 
4) 
^ Id 
0 
10 
1 
M 
0) 
-P 
Id 
S 
II 
w 
s 
• * 
•n (1) 
X 
Id 
0 
(0 
c D 
II 
W 
D 
o 
in 
• dP 
i n 
+J 
Id 
Q 
O 
o o en 
i H r H Z 
cn <n in 
o o Z 
0 0 0 0 
o o 
U ft 
in 
z 
ft 
X 
Id 
u 
 
 
 
 
 
  
 
 
 
98 
At 50 DAS, Ca^Q (equalled by Cagp) gave maximum value 
and differed critically with the effect of the other 
treatments. Similarly, at 70 DAS, Ca^Q showed equal effect 
with that of Ca,^ but was also at par with Ca2Q in its 
effect. At 90 DAS, all three levels of calcium showed equal 
effect. Control (Ca^ )^ gave significant lowest value at all 
three stages. 
At all stages, PYj gave significant maximum number of 
leaves per plant. The unsoaked control (US), being at par 
with the water-soaked control (WS), gave significant lowest 
value. 
4.3.1.3 Leaf area index (LAI) 
The effect of Ca and pre-sowing seed soaking 
treatment was significant on this parameter at all stages 
(Table 46). 
Treatment, Ca^Q (equalled by ^ag^) proved 
significantly best at all stages of growth. On the other 
hand, control (CBQ) gave significant lowest value at all 
stages. 
At 50 (and 90) DAS, PY-j^  and PYj were at par and gave 
significant maximum value. However at 70 DAS, PY_ proved 
critically best. The unsoaked control (US), being at par 
with the water-soaked control (WS), gave significant lowest 
value at all stages. 
4.3.1.4 Tiller number per plant 
The effect of Ca and of pre-sowing seed soaking 
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99 
treatment was found significant on this parameter at all 
stages (Table 47). 
CSLAQ (equalled by Ca-p) gave maximum value at all 
stages. However at 90 DAS, the value was also equal to that 
for Ca„-. Control (Ca^) gave significant lowest value at all 
stages, except 50 DAS when it was at par with Ca^n-
PY-i showing equal effect with PY^, gave maximum value 
at 50 DAS. While at 70 and 90 DAS, the value given by PYj 
was significantly higher than those for the rest of the 
treatments. Un^soaked (US) and water - soaked (WS) controls 
showed equal effect at all stages. 
4.3.1.5 Fresh weight per plant 
The effect of Ca and of pre-sowing seed soaking 
treatment and their interaction effect was found significant 
on this parameter, except the interaction effect at 50 DAS 
(Table 48). 
At all stages all calcium levels (Ca-n' ^ ^AQ "^*^  ^ ^60 
gave equal effect on this parameter. Control (Ca^) gave 
significant lowest value at all stages. 
PY2 gave significant maximum value and the value 
differed from those for the other treatments. US, being at 
par with WS, gave significant lowest value. 
Regarding interaction effect at 70 DAS, Ca^Q x PYj 
gave maximum value, which critically differed from the rest 
of the interaction effects, except Ca.^ x PY,, ^^cn ^ P^ i 
and Ca,Q x PYj- On the other hand, significant lowest value 
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was given by Ca^ . x US, which showed equal effect with Ca^ x 
WS. At 90 DAS, Ca.Q x PYj equalled by Cag^ x PY2 gave 
significantly higher value than the rest of the 
interactions. The two controls (Ca,. x US and Ca^ x WS), 
showing equal effect, gave significant lowest fresh weight. 
4.3.1.6 Dry weight per plant 
The effect of Ca and of pre-sowing seed soaking 
treatments and their interaction effect was found signifi-
cant on this parameter at all stages, except the interaction 
effect at 50 DAS (Table 49). 
At all stages, all calcium levels (CajQ/ ^^40 ^^^ 
Ca-f.) gave equal effect on this parameter. On the other 
hand, the control (Ca^) gave significant lowest effect. 
PY_ gave significant higher value than the rest of 
the treatments. Unsoaked (US) and water-soaked (WS) 
controls, being at par, gave significant lowest value. 
Regarding interaction effects at 70 and 90 DAS 
stages, Ca.^ . x PY^, being at par with Ca_- x PY_ gave 
significant maximum dry weight, while Ca^ x US (equalled by 
Ca- X WS) gave significant lowest value. 
4.3.1.7 Crop growth rate (CGR) 
The effect of Ca application and of pre-sowing seed 
soaking treatment was found significant on this parameter 
at all stages (Table 50). 
At 50-70 DAS intervals all calcium levels (Ca20' 
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101 
Ca-« and Cagg) gave equal effect on this parameter. However 
at 70-90 OAS ^^AH' being at par with Ca^^, gave maximum 
value which differed critically from the rest of the 
treatments. Control (^ n^) showed lowest effect at both 
intervals. 
At both intervals, PYj gave significant maximum crop 
growth rate. The unsoaked control (US), being at par with 
the water-soaked control (WS) gave significant lowest value. 
4.3.1.8 Relative growth rate (RGR) 
The effect of basal Ca and of pre-sowing seed soaking 
treatment,and of "their interaction was not significant on 
this parameter (Table 51). 
4.3.1.9 Net assimilation rate (NAR) 
The effect of Ca was found to be significant at 50-70 
DAS interval while pre-sowing seed soaking treatment had 
significant effect at 70-90 DAS interval on this parameter 
(Table 52). 
At 50-70 DAS interval, all applied doses of calcium 
(Ca2Q» Ca-Q and Cag^) gave equal effect on this parameter. 
However, the effect of these treatments was significantly 
better than that of Ca^, the control. 
At 70-90 DAS, PY, gave maximum value, which was 
significantly higher than those of WS and US but equal to 
that for PY . 
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4.3.2 Yield and quality characteristics 
Yield parameters (ear number per plant, ear length, 
spikelet number per ear, grain number per ear, 1,000 grain 
weight, straw yield, grain yield, harvest index, grain 
protein and carbohydrates contents and their yields) were 
studied at harvest (Tables53-57). 
4.3.2.1 Ear number per plant 
The effect of basal Ca pre-sowing seed soaking 
treatment and of theirinteraction was found to be significant 
on this parameter (Table 53). 
Ca^Q, being at par with Cagg, gave significant higher 
value than those for the other treatments. Control (Ca^) 
gave significant poorest effect. 
Treatment, PY2 gave significant maximum number of ear 
per plant. US and WS, being at par, gave significant lowest 
value. 
Ca^Q X PY- and Cag^ x FY-, being at par, gave 
significant maximum value. On the other hand, Ca^ x WS and 
Ca- X US, having equal effect, gave significant lowest 
value. 
4.3.2.2 Ear length 
The effect of Ca application and of pre-sowing seed 
soaking treatment was found to be significant on this 
parameter, while the interaction effect was non-significant 
(Table 53). 
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Treatment Ca ^ (equalled by Ca-») gave significant 
maximum value and the control (Ca_) gave significant lowest 
value. 
Treatment, PY^ gave highest value for this parameters, 
However, unsoaked (US) and water-soaked (WS) controls, being 
at par, showed significant poorest effect. 
4.3.2.3 Spikelet number per ear 
The effect of application of Ca, pre-sowing seed 
soaking treatment and their interaction was found 
significant on this parameter (Table 53). 
Ca.Q (equalled by Cagg) had maximum value which 
differed critically from those for the other Ca levels. 
Control (Ca-) gave significant lowest value. 
Soaking treatment, PYj gave significant highest 
value. Unsoaked (US) and water-soaked (WS) controls, showing 
equal effect, gave significant lowest number of spikelets 
per year. 
Among interaction effects, Ca^Q x PYj showed highest 
effect but was at par with Ca-Q x PYj. Their effect differed 
significantly with those of all other interactions. On the 
other hand, Ca^ x US and Ca^ x WS, showing equal effect, 
gave significant minimum number of spikelets per ear. 
4.3.2.4 Grain number per ear 
The effect of Ca application, pre-sowing seed soaking 
treatment and their interaction was significant on this 
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parameter (Table 54). 
All calcium levels (Cajg' ^^40' ^^60^ gave equal 
effect on this parameter. The control (Ca^) produced 
significant lowest effect. 
Treatment PY2 gave significant highest value for this 
parameter. Un—soaked control (US), equalled by water-soaked 
control (WS), gave lowest effect which differed 
significantly from those for the other treatments. 
Ca4Q X PYj (equalled by Ca-Q x PYj) gave significant 
maximum number of grain per ear. Cap x WS and Cap x US, 
showing equal effect, gave significant lowest value for this 
parameter also. 
4.3.2.5 1,000 grain weight 
Only the effect of pre-sowing seed soaking treatment 
was found significant on this parameter (Table 54). PY.. and 
PY2, being at par, gave higher value than those given by 
uivsoaked and water-soaked controls which were at par in 
their effect. 
4.3.2.6. Straw yield 
The effect of basal Ca and of pre-soawing seed soaking 
treatment was found significant on this parameter while 
interaction effect was non-significant (Table 54). 
All the calcium levels (Ca2Q/ ^^AQ i^nd Cagg) were at 
par regarding this parameter but their effect was 
significantly better than that of Ca^ which gave significant 
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lowest value. 
soaking treatment PYj gave significant highest value 
for this parameter. The effect of water-soaked (WS) and 
ure-soaked (US) controls was at par but the values were 
significantly lower than these for pyridoxine treatments. 
4.3.2.7 Grain yield 
The effect of basal application of Ca and of pre-
sowing seed soaking treatment was found significant on this 
parameter but the interaction effect was non-significant 
(Table 55). 
'Calcium levels (CajQ* ^^AQ ^^^ ^ ^60^ 
gave equal value on this parameter. On the other hand the 
control (Ca^) gave significant lowest value. 
Soaking treatment PY, gave significant highest value. 
The two controls, viz. un-soaked (US) and water-soaked (WS) 
showed equal effect and gave significant lowest value. 
4.3.2.8 Harvest index 
The application of Ca, pre-sowing seed soaking 
treatment and their interaction did not affect this 
parameter significantly (Table 55). 
4.3.2.9 Grain protein content 
The effect of application of Ca, pre-sowing seed 
soaking treatment and their interaction was non-significant 
on this parameter (Table 56). 
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4.3.2.10 Grain protein yield 
The effect of Ca application and of pre-sowing seed 
soaking treatment was found significant on this parameter 
(Table 56). 
All calcium levels (Cajg' Ca^Q and Cag^) gave equal 
effect on this parameter but the control (Cap) gave 
significant lowest value. 
Soaking treatment, PY2 gave significant maximum value 
which differed critically from those for all other 
treatments. US and WS, being at par, gave significant lowest 
value. 
4.3.2.11 Grain carbohydrate content 
This parameter was also affected non-significantly by 
all treatments (Table 57). 
4.3.2.12 Grain carbohydrate yield 
The effect of application of Ca and of pre-sowing 
seed soaking treatment was found significant on this 
parameter (Table 57). 
All calcium levels (CajQ/ ^^40 ®"^ ^^60^ showed equal 
effect on this parameter. However, the control (Ca^ .) gave 
significant poorest effect. 
Soaking treatment, PY2 gave significant maximum 
carbohydrate yield. Unsoaked (US) and water-soaked (WS) 
controls, being at par, gave significant lowest value. 
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4.3.3 Biochemical and chemical parameters 
4.3-3.1 Leaf nitrate reductase activity (NRA) 
Only the effect of pre-sowing seed soaking treatment 
was found significant on this parameter at all stages 
(Table 58) . 
PYo gave significant maximum value which differed 
statistically with the rest of the treatment effects, except 
at 50 DAS when it was at par with PYi- Unsoaked (US) and 
water-soaked (WS) controls, being at par, gave significant 
lowest value at all stages, except at 70 and 90 DAS when the 
control water-soaked (WS) showed equal effect to that of PY, . 
4.3.3.2 N, P, K and Ca status of plants 
The effect of application of Ca to the soil and 
pyridoxine to the seed was found significant for the status 
of the treated plants with regard to N, P, K and Ca at all 
stages (Tables59-62). 
4.3.3.2.1 Nitrogen status 
The effect of the application of Ca, pre-sowing seed 
soaking treatment and their interaction was found to be 
significant on this parameter, except the interaction effect 
at 50 DAS (Table 59). 
At 50 DAS, Ca^Q gave equal effect with that of Cag^ 
and Ca2Q. However, at 70 and 90 DAS, Ca.Q (equalled by Cag^) 
gave significant maximum value which differed statistically 
from that for the other treatments. Control (Ca^) showed 
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significant lowest nitrogen status at all stages. 
At all the three stages, PY2 showed significant 
maximum nitrogen status. Unsoaked (US) and water-soaked (WS) 
controls, being at par, gave significant lowest value. 
Regarding interaction effect, at 70 as well as 90 
DAS, Ca.Q X PY2 (at par withCaggXPy^gave maximum value which 
significantly differed with those for the rest of the 
interactions. On the other hand, significant lowest value 
was given by Ca^ x WS which showed equal effect with Ca^ x 
US. 
4.3.3.2.2 Phosphorus status 
The effect of Ca, pre-sowing seed soaking treatment 
and their interaction was found significant on this 
parameter at all stages, except the interaction effect at 50 
DAS (Table 60). 
Regarding Ca application at 50 DAS, all calcium 
levels (Ca_Q, Ca.^ and Cagj.) gave equal effect on this 
parameter. However, at 70 and 90 DAS, Ca.^ (equalled by 
Cagp) gave maximum value and differed critically from those 
for the other treatments. Control (Ca.) gave significant 
lowest value at all stages. 
With respect to pyridoxine treatment, PYj gave 
significant maximum value at all stages, except at 50 DAS 
where the value was found at par with PY, . US, being at par 
with WS, gave significant lowest value at 50, 70 as well as 
90 DAS. 
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Regarding interactions, at 70 DAS, Ca^Q x PY2 showed 
maximum phosphorus status but was at par with Ca,- x PY_. 
The effect, however, differed significantly with all other 
interactions. Moreover, the effect of Ca^Q x PY^ was 
equalled by Ca^^ x PY2 and Cag^ x'PY^ .^ At 90 DAS, the inter 
action Ca._ x PY^ showed equal effect with that of Ca^^ x PY2 
The value was significantly higher than those for the rest 
of the interactions. At both stages, Ca_ x US and Ca^ x WS, 
showing equal effect, gave significant lowest phosphorus 
status. 
4.3.3.2.3 Potassium status 
The effect of basal Ca application and pre —sowing 
seed soaking treatment was significant on this parameter at 
all stages, except calcium treatment at 50 DAS (Table 61). 
At 70 and 90 DAS all the calcium levels showed equal 
effect on this parameter. However, the control (Ca^) gave 
significant lowest value. 
PYo gave significant maximum value on this parameter 
except at 50 DASv^ere it was equalled by PY,. Un-soaked (USO 
and water—. soaked (WS) controls, being at par, gave 
significant lowest value at all three stages. 
4.3.3.2.4 Calcium status 
The effect of Ca, pre sowing and soaking treatment 
and their interaction was found significant on this para 
meter, except the interaction effect at 50 and 70 DAS 
(Table 62). 
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At 50 DAS, all calcium levels (Ca-^, ^^40 ^nd Ca^r,) 
showed equal effect on this parameter. However, at 70 and 90 
DAS, Ca-Q, being at par with CagQ, gave significant maximum 
value. Control (Ca^ .) was responsible for significant lowest 
Ca status at all stages. 
Treatment PY2 gave maximum value which differed 
statistically with those for the rest of the treatments. 
However, at 50 DAS, it was found at par with PYT- On the 
other hand, the two controls, viz. unsoaked (US) and water-
soaked (WS), being at par, showed significant poorest 
effect. 
Among interaction effects, at 90 DAS, CagQ x PY2, 
being at par with Ca^^ x PYj* gave significant maximum value 
for this parameter. Moreover Ca^ x WS, being at par with Ca^ 
x US, was responsible for significant lowest value. 
4.4 EXPERIMEWT 4 
This factorial randomised experiment on summer moong 
was designed on the basis of the findings of Experiment 1. 
As explained earlier (p. 74), three treatments, viz. Ca^S^, 
Ca-jSg and Ca,QSg and two aqueous pyridoxine solutions, viz. 
water-soaked (WS), 0*3% pyridoxine (PY) were taken. 
The characteristics studied and the plant stages at which 
data were recorded were kept the same as in Experiment 1. 
The data are summarised in Tables 63-79 and are briefly 
described below*. 
 
 
 
 
 
  
 
 
 
Ill 
4.4.1 Growth characteristics 
Generally the effect of Ca and S and of PY was found 
significant on almost all growth parameters studied at 
various growth stages. However, the interaction effect was 
not found significant on these parameter at any stage 
(Tables 63-71). 
4.4.1.1 Height per plant 
The effect of the application of Ca and S was found 
significant at the two later stages and that of PY at all 
three stages (Table 63). 
At 30 and 45 days, Caj^ gSg gave the highest value. 
Even CaQSq proved more effective than the control (CaQS-). 
Pertaining to seed soaking treatments, PY gave significantly 
higher value in comparison with the water-soaked control 
(WS). 
4.4.1.2 Leaf area index (LAI) 
The effect of Ca as well as S application and PY was 
found significant on this parameters at all stages, except 
that of Ca and S at 15 DAS (Table 64). 
At 30 OAS,. treatment Caj^ S^g gave maximum LAI and the 
value differed critically from those for the other 
treatments. However, at 45 DAS, the effect of Ca,-SQ was 
J. U o 
equalled by that of Ca-jSg. The control {Ca^SQ) gave 
significant lowest value. PY treatment gave significant 
higher value compared with water-soaked control (WS) . 
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4.4.1.3 Fresh weight per plant 
The effect of Ca and S as well as of PY was found 
significant on this parameter at all stages (Table 65). 
At 15 DAS, CaQSQ and CaQSg on one hand and CaQSg and 
Ca,_So on the other showed equal effect. 
lU o 
While at 30 and 45 DAS, Ca^gSg gave significant 
maximum value while Ca-S- showed lowest effect. Pertaining 
to seed soaking treatments pyridoxine (PY) treatment proved 
significantly better than water-soaked control (WS). 
4.4.1.4 Dry weight per plant 
The effect of calcium and sulphur application of 
pre-sowing seed soaking treatment was found significant on 
this parameter at all stages (Table 66). 
Ca,QSg gave significantly higher value than Ca^Sg and 
Ca-S^ at all stages. On the other hand, Caj^ S-. significantly 
showed poorest effect. Regarding soaking treatments 
pyridoxine (PY) treatment gave significantly higher value 
than water-soaked (WS) control at all stages. 
4.4.1.5 Root nodule number per plant 
The effect of Ca and S and of PY was found signifi-
cant on this parameter at all stages (Table 67). 
Ca-j^ pSg showed maximum value which differed critically 
from those for the other treatments at all stages. The 
control (CaQS-) showed significant lowest effect on root 
nodule number per plant. PY produced more nodules than WS at 
all stages. 
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4.4.1.6 Root length per plant 
The effect of Ca and S and of pre-sowing seed soaking 
treatment with pyridoxine was found significant on this 
parameter at all stages (Table 68). 
At 15 DAS, Caj^ gSg (equalled by CapSg) gave maximum 
value.While CagSg and Ca^SQ showed equal effect on this parameter. 
However, at 30 and 45 DAS the effect was clear-cut (Ca,QSg > 
Ca^Sg > CaoSQ). 
Regarding soaking treatments, pyridoxine (PY) 
treatment gave higher value which differed critically from 
the water soaked control (WS) at all stages. 
4.4.1.7 Crop growth rate (CGR) 
The effect of Ca and S and of pre-sowing seed soaking 
treatment was found significant on this parameter at both 
growth intervals, viz. 15-30 and 30-45 DAS (Table 69). 
A significant increase in CGR from Ca^SQ to Ca^^Sg at 
both growth intervals was recorded. Treatment PY had 
significantly higher crop growth rate in comparison with 
water-soaked control (WS) at both growth intervals. 
4.4.1.8 Relative growth rate (RGR) 
The effect of Ca and S and of pre-sowing seed soaking 
treatment with pyridoxine was found significant on both 
growth intervals, except that of calcium and sulphur 
application at 15-30 DAS intervals (Table 70). 
At 30-45 DAS Ca^^Sg gave maximum value which differed 
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Statistically from the other treatments. Control (CaQSp) and 
CaQSg showed equal effect on this parameter. 
Pertaining to soaking treatments, at 15-30 DAS, 
pyridoxine (PY) gave significantly higher RGR in comparison 
to water-soaked control (WS). However, at 30-45 DAS 
interval, pyridoxine treatment (PY) gave significantly poor 
effect in comparison with water-soaked control (WS). 
4.4.1.9 Net assimilation rate (NAR) 
This parameter was affected significantly at both 
intervals by nutrient application and only at the 15-30 DAS 
interval by PY. Ca,^S„ gave the highest and Ca-S^ the lowest 
values. PY proved better than WS at 15-30 DAS interval 
(Table 71). 
4.4.2 Yield and quality characteristics 
Yield parameters (pod number per plant, pod length, 
seed number per pod, 1,000 seed weight, seed yield, harvest 
index, seed protein content and protein yield) were studied 
under the effect of various treatments at harvest (Tables 
72-74). 
4.4.2.1 Pod number per plant 
The effect of Ca and S and of pre-sowing seed soaking 
treatment with pyridoxine was found significant on this 
parameter (Table 72). 
Significant increase in pod number per plant from 
CagSQ to Ca^gSg was recorded. Regarding soaking treatments, 
PY gave sigrliificaritly higher value than WS. 
 
 
 
 
 
  
 
 
 
JC 
*i 
•H 
u 
V) 
E 
^ i 
-p 
3 
(0 
c ^ (1) 
E 
•u 
(0 
(U 
u 
0 
,-^ 
> i (0 
•a 
• p < -
E 
• p ^ (U (1> (0 
tn 
s _ ^ 
Oi 
5^rt: 
c z 
•H 
s 0 
to 
%_^  
0) 
•p 
^2 (U 
V4 c 
a4 0 
•a 
•H 
4J 
10 
C rH 
<0 
/ • "x 
ra 
u 
''*^  
E 
D 
•H 
0 
iH 
•0 
•H 
E 
• H CO 
CO 
n) 
+> (U 
C 
c 
o 
^^ 
• 
-* 
> 1 ^ 
0 ( X 
m 
0 
4-) 
"-^  
(U 
c 
•H 
X 
0 
0 "O 
<u 
•4-1 
iw 
u 
•H 
h 
1 
EH 
• 
u 
ro 
> 
01 
C 
0 
> i 0 
CUE 
H 
(0 
EH 
a) 
-p 
(0 
0 
•H 
rH 
a 
u (D 
4J 
0 
(0 
c 
(0 
s 
iH 
m 
> 
u (U 
-p 
c 
•H 
to 
> 1 
(0 
•o 
(0 
<0 
+» to 
31 
c 
•H 
rH 
a» 
E 10 
CO 
If) 
1 
1 
o 
o 
n 
ir> 
rH 
to 
-P 
c 
3 1 <U 
C E 
•H -P 
j<; <o 
(0 0) 
0 H 
en -P 
(U 
to 
o 
(0 
to (0 
0 
c 
to 
(U 
2 
00 
w 
o 
to 
u 
00 
t/1 
o 
iH 
to 
u 
o 
CO 
o (0 
u 
c 
to 
<u 
00 
CO 
o 
to 
u 
00 
CO 
o iH 
to 
u 
o 
to 
o 
to 
o 
00 
• 
o 
n 
• 
m 
« 
^ 
CO 
i n 
• 
<£ 
(V) 
01 
vo 
n 
> 
rH 
r~ 
rH 
• 
00 
r« 
00 
• 
1 ^ 
IT) 
CO 
S 
rH 
• 
n 
o 
• 
m 
t 
i n 
en 
f>j 
• 
r~ 
<N 
n 
• (Ti 
r-
(N 
• 
o 
00 
n 
• 
00 
00 
in 
a 
o 
• 
m 
• 
^ 
n 
a> 
» 
vo 
CN 
00 
• 
i n 
i ^ 
(N 
• CO 
00 
t^ 
• 
CO 
c 
(0 
tu 
(0 
•D 
0) 
•H 
rH 
CU 
a to 
to 
•0 
to 
\ 
D1 
i n 
CO 
•a 
c to 
cu 
31 
X 
O 
CO 
2 
Oi 
O 
rH 
>4H 
0 
d) 
CO • 
0 t3> 
•H 
to 0 
to to 
(0 
. f l MH 
E° 
u tu 0 E 
MH -H 
•H +J 
c 
3 tU 
Si 
fC -P 
• • 
• 
• 
2 
E 
to 
> i 
31 
to 
(0 
0) 
•H 
rH 
a 
(0 
10 
£ 
to 
31 
X 
00 
•o 
c 
<0 
^-^ 
10 
u 
31 
O 
r-i 
II 
00 
CO 
o 
m 
U 
• « 
u 
(U 
to 
• H 
rH 
•H 
4J 
tu 
MH 
0 
II 
o 
CO 
o 
(0 
u 
c 
•H 
X 
0 
•rl 
V4 
> 1 
a 
s 
II 
>1 
CU 
•» 
•a 
tu 
-^ (0 W 
0 :$ 
to c 
1 
u <i> 
•p 
(0 
S 
^ 
o CO 
CN 
t>!i 
to 
(0 
•o 0) 
•H . 
rH +J 
Q4 C 
Q4 to 
(0 O 
•H 
(0 MH 
x: -n \ c CO 31 
•H 
31 to 
X 1 
c 
00 0 
z 
II 
II 
00 
CO • 
oco 
m • 
u z 
i n 
1 
o 
CO 
o 
CO 
in 
r-i 
dP 
i n 
-P 
fO 
• Q 
U 
00 
o to CO 
• • • 
ro 2 2 
• • 01 O CO 
04 
X 
(0 > i ID 
u cu u 
 
 
 
 
 
  
 
 
 
(U 
•H 
> i 
C 
o 
> 1 
01 
c 
•H 
o 
•o 
•H 
• H 
c 
(U E 
+J 
(0 
0) 
u 
•D 
(U 
0) 
10 
1)1 
c 
•H 
o 
I 
0) 
a, 
ro EH 
— > 
o 
CO W 
•a o 
(0 
u 
0) 
• p 
0) 
e 
0) n) 
M-l M 
CM 
Ifl 
+J 
10 
u 
• H 
rH 
n, 
fl) 
0) 
x : 
+1 
M-i 
O 
c 
Id 
0) 
s 
fl) 
in 
O 
•a 
(0 
w 
CD 
en 
CXI c 
c 
(0 
(U 
0 0 
w 
o 
m 
u 
0 0 
w 
o 
f - l 
(0 
o 
o 
w 
o 
CO 
u 
c 
CO 
0) 
00 
10 
o 
CO 
u 
0 0 
m 
o 
lit 
o 
o 
ro 
4a 
ID 
EH 
10 CO 
O 
o 
in 
T l 
o 
Q. \ . 
U 
OJ 
XI 
E 
3 
C 
T I 
<U 
0) 
W 
E 
u 
x: 
CJ1 
c 
fl) 
' 0 
o 
a. 
<Tl 
<Tl 
O 
in 
CX3 
' I * 
o 
i n 
in 
i n 
CM 
in 
CM 
in 
i-i 
i n 
c 
CO 
d) 
*~t 
0 0 
10 
0 
CO 
U 
0 0 
to 
0 
I - I 
CO 
U 
0 
t/1 
0 
CO 
U 
•P 
c 
10 
r H 
u 
OJ 
X I 
E 
D 
c 
0 O J 
, 
i n 
VD 
CT> 
« i n 
vo 
0 0 
C3 
r^  
n 
0 0 
i n 
, 
r-
r-
m 
CO 
t ^ 
CM 
' J ' 
0 0 
V£l 
VD 
i n 
<N 
t 
( N 
t ^ 
i n 
t ~ 
t-~ 
i n 
n 
^D 
CO 
S 
> i 
0< 
c 
CO 
<a 
s 
O i 
c 
• H 
> 0 
in 
H-l 
0 
0) 
E 
• H 
+J 
(1) 
x: 
+ j 
+ j 
CO 
• D . 
0) 
• H 
r H 
a 
a CO 
10 
CO 
> 
CO 
x: \ f^  
3 1 
U. 
i n 
n 
•n 
c CO 
fc 
0 
z 
!3) 
,W 
0 
H 
I H 
0 
<U 
(fl 
0 
-a 
T-< 
CO 
in 
CO 
X I 
E 
M 
0 
>^i 
• H 
d 
D 
rf 
, 
fl) 
• H 
r H 
a 
a 
CO 
CO 
x: \ 
w 
in 
>; 
0 0 
II 
0 0 
to 
0 
CO 
u 
••• E 3 (0 
O i 
> 1 
en 
CO 
CO 
0) 
• H 
r H 
a Qt 
fO 
CO 
x: 
^-^ t/3 
tJl 
y. 
CO 
CO 
CO 
0 
0 
r H 
II 
CO 
0 
H 
«8 
0 
• * U 
tn 
• H 
r H 
• H 
+J 
IH 
0) 
MH 
0 
z 
II 
0 
0 
CO 
U 
• +J 
c 
CO 
CJ 
• H 
MH 
• H 
C 
cn 
• H 
(fl 
c 0 
z 
II 
tn 
• 
z 
.. 
0) 
c 
• H 
X 
0 
• D 
> i 
II 
> 1 
^ 
•0 
0) 
CO 
0 
(fl 
u 
(U 
+J 
CO 
3 
II 
U) 
s 
*« 
"«• 0 
CM 
(fl 
CO 
dP 
i n 
4J 
CO 
, a 
CJ 
u 
0) 
XJ 
E 
3 
c 
•a 
•a 0 
OJ 
CO 
x: 
4J 
Cr> 
c 
fl) 
r H 
"a 
0 
0-
Q) 
X! 
E-P 
3 C 
C CO 
0 
(1-
* 
w 
2 
, 
W 
« 
z 
0 0 
CTl 
f N 
CO 
U 
n 
i n 
CN 
( 0 
a\ 
l O 
r H 
• 
0 
^ 
•^  
CM 
>1 
IX 
• in 
z 
, 
CO 
• Z 
* CO 
Z 
CO 
U 
CQ 
 
 
 
 
 
  
 
 
 
115 
4.4.2.2 Pod length 
Only pre-sowing seed soaking treatment had signifi-
cant effect on this parameter. PY gave significantlyhigher 
value than WS (Table 72). 
4.4.2.3 Seed ntunber per pod 
Regarding this treatment also, the effect of pre-
sowing seed soaking treatment only was found significant. 
Pyridoxine treatment (PY) produced more seeds per pod 
compared with water-soaked control (WS) (Table 72). 
4.4.2.4 1,000 seed weight 
The effect of all treatment was found non-significant 
on this parameter (Table 73). 
4.4.2.5 Seed yield 
The effect of Ca and S and of pre-sowing seed soaking 
treatment with pyridoxine was found significant on this 
parameter (Table 73). 
Regarding the effect of Ca and S, significant 
increase in seed yield was recorded from Ca_S-. to Ca, ^ .S^ . 
Pyridoxine treatment (PY) had significantly higher seed 
yield in comparison with water soaked control (WS). 
4.4.2.6 Harvest index 
Only the effect of pre-sowing seed soaking treatment 
was found significant on this parameter. Pyridoxine 
treatment (PY) gave significant higher value than WS, the 
water-soaked control (Table 73). 
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4.4.2.7 Seed protein content 
This parameter was not significantly affected by 
any of the treatments (Table 74). 
4.4.2.8 Protein yield 
The effect of Ca and S and of pre-sowing soaking 
treatment was found significant on this parameter (Table 74), 
Regarding Ca and S treatments, significant increased 
in protein yield was recorded from Ca^SQ to Ca-j^ QSg. 
Pertaining to soaking treatment, PY was responsible for 
significantly higher protein yield in comparison with the 
water-soaked control (WS). 
4.4.3 Biochemical and chemical parameters 
4.4.3.1 Nitrate reductase activity (NRA) 
Only the effect of pre-sowing seed soaking treatment 
(PY) was found significant on this parameter at all stages. 
Pyridoxine treatment gave significantly better results than 
the water-soaked control (WS) at all samplings (Table 75). 
4.4.3.2 N, P, K and Ca status of plant 
The effect of application of Ca and S to the soil and 
of pyridoxine to the seeds was found significant for the 
status of the treated plants with regard to N, P, K and Ca 
at all stages (Tables76-79). 
4.4.3.2.1 Nitrogen status 
Significant increase in the N status from Ca^S- to 
Ca,QSg was recorded at*all growth stages. Regarding soaking 
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treatments, PY was responsible for significantly higher N 
status in comparison with water-soaked control (WS) at all 
stages (Table 76). 
4.4.3.2.2 Phosphorus status 
The effect of Ca and S and of pre-sowing seed soaking 
treatment with pyridoxine was found significant on this 
parameter at all growth stages (Table 77). 
Ca,QSg showed maximum value which differed critically 
from those for other treatments at all stages. On the other 
hand, control (CaQS^) showed significant poorest effect on P 
status. Pertaining to soaking treatments, P status was 
significantly lower in water-soaked (WS) than pyridoxine 
treatment (PY) at all stages. 
4.4.3.2.3 Potassium status 
The effect of Ca and S and of pre-sowing seed soaking 
treatment with pyridoxine was found significant on this 
parameter at all growth stages (Table 78). 
CaQSg gave significant maximum value at all stages. 
Suprisingly, at 15 DAS, Ca,QSg (equalled by CapSQ) gave 
significant poorest effect; but at 30 and 45 DAS, Ca,^ Sjs 
showed significant higher K status compared to Ca^ S^Q. 
Pyridoxine treatment (PY) proved significantly better than 
that for water soaked control (WS) at all sampling stages. 
4.4.3.2.4 Calcium status 
The effect of Ca and S and of pre-sowing seed soaking 
 
 
 
 
 
  
 
 
 
c 
0) 
CT> 
0 
u 
4J 
•rH 
c 
C 
0 
>, b 
0) 
r 
•H 
0 
a, 
s: 
-p 
•H 
S 
4J 
c 
0) 
e 
•p 
(0 
)^  
-p 
'0 
0) 
<u Ul 
CP 
c 
•H • S"* 0 "* 
in 1 
1 B 
> 
"O 
C Di (0 c 
o 
^ o (0 € 
S M 
01 
^ e § e 3 3 
"r1 « o 
"^i "t^  
* 0 
0 
• • • ^ 
.H -P 
n) c 
in n) (0 rH jQ a 
•\ 
o 3 
-P to 
O 3 
0) -P 
>H 10 
•H +J 
W 01 
«• 
0) 
H 
j Q 
Id 
tH 
^^ to 
0) 
^ n) 
u 
• H 
i - l 
DJ 
0) 
u 
0) (U 
M 
£ 
+J 
M-l 
0 
C (0 
0) 
s 
to 
o 
^^  
to 
0) 
Di 
10 
+J 
10 
en 
c 
•H 
i-i 
Q. E 
(0 
w 
in 
^ 
o 
ro 
(U 
tn 
o 
•a 
<o (0 
m 
in 
i H 
a 
c 
en (U 
c e 
•H 4J 
^ ra 
m (1) 
o n in -p 
c 
ro OJ 
IS^  
CO 
w 
o (0 
u 
0 0 
w 
o 
u 
o 
w 
o 
rO 
U 
C 
(0 
(1) 
s 
0 0 
W 
o la 
o 
0 0 
m 
o 
t H 
<tJ 
U 
o 
tn 
o 
ro 
u 
c It) 
(U 
s 
0 0 
w 
o 
ro O 
0 0 
m 
o 
• H 
10 
CJ 
O 
lAl 
O 
m 
u 
'^  en 
en 
en 
r~ 
en 
CO 
o 
r H 
f 
r H 
t N 
I D 
•«r 
VC 
[-~ 
>* 
r H 
«* in 
oc 
r^ 
0 0 
( N 
0 0 
tTi 
0 0 
rn 
r^  
m S 
r H 
in 
rH 
r H 
r-t 
(T\ 
•^ 
r^ 
0 0 
r H 
r H 
I D 
• ^ 
r-i 
VD 
VD 
O l 
VD 
'S ' 
i n 
in 
r H 
r-i 
t~-
o 
r^ 
\D 
i-i 
r-\ 
r-^ 
<J1 
> 1 
CU 
in 
0 0 
o 
r H 
•-i 
r H 
r H 
n 
00 
in 
"tr 
in 
O l 
r H 
I D 
VD 
in 
en 
ro 
o 
r-\ 
CN 
0 0 
c 10 
CJ 
2 
• 
c 
• H 
0 
to 
MH 
O 
0) 
E 
• H 
+J 
+ j 
• p 
m 
TI 
0) 
• H 
r H 
O i 
Ch 
(0 
to 
<0 
> 
10 
s: \ 
us 
en X 
m 
ro 
•o C 
ro 
OL, 
cn j ^ 
o 
n 
* Z 
CT> 
j<; 
o 
r H 
MH 
0 
0) 
to 
o 
•a 
r H 
ro to 
ro Xi 
e u 0 
m 
•H 
3 
< 
• t 
• PQ 
• 1 Z 
•a (U 
•H 
r-\ 
a, 
a, 
ro 
ro 
tn 
cn 
^ 
00 
II 
oo 
m 
o 
ro 
o 
• ^  E 3 
to 
a. 
cn 
to 
ro 
•D (U 
•H 
r H 
Q^ 
a ro 
ro X! 
\ J>—N 
to 
D i 
^ 
0 0 
•a 
c 
ro 
—-
ro 
u 
D> 
X 
o 
•-* 
II 
oo 
tn 
o 
H 
ro 
o 
• ^  M (U 
to 
•H 
r H 
•H 
+J 
u (U 
MH 
O 
Z 
II 
o 
tn 
o 
ro 
o 
• 
-p 
c 
ro 
CJ 
•H 
MH 
• H 
C 
cn 
•H tn 
to < 
1 D 
c 0 
z 
II 
• tn 1 . 
z 
•-0) 
c 
•H 
X 
O 
•O 
• H 
U 
> i 
Q< 
dP 
2 
II 
> i 
CU 
• * 
•C3 
0) 
^ 
ro 0 (0 
1 
u 
a> 
• p 
ro 
s 
II 
cn 
» 
^ 
o 
CN 
M 
in 
ro 
in 
•^  
o 
ro 
in 
H 
dP 
in 
•P 
ro 
• Q 
• U 
• tn 
r^ <N 
tNi og 2 : 
• cn 
i n f-i (N <N g 
' cn in in • 
Z 
> i 
X 
ro > i ro U 04 U 
 
 
 
 
 
  
 
 
 
n 
D 
U 
O 
sz 
a 
in 
O 
x; 
a 
c 
o 
> i 
(U 
c 
-H 
X 
o 
•a 
•H 
M 
> 1 
4J 
a l 
10 
0) 
-p 
u 
•H 
tH 
Q< 
0) 
^ 
(1) 
(U 
x: 
+j 
iw 
o 
c 
m 
0) 
D 
(0 
(U 
tT> 
10 
+) 
U) 
en 
c 
•H 
rH 
a, B 
10 
w 
o 
J3 
c 
en 0) 
C 
•iH 
^ rO 
O 
w 
E 
4J 
(0 
0) 
u 
-u 
c 
0) 
0 0 
O 
n3 
U 
m 
00 
in 
CTl 
CO 
vo 
00 
o 
ro 
<J3 
o 
CO 
to 
o 
(0 
a 
o 
w 
o 
10 
u 
c 
m 
0) 
s 
CO 
W 
o 
(0 
u 
CO tn 
o 
U 
o 
CO 
o 
(0 
u 
in 
o 
<N 
in 
rH 
CO 
CO 
CO 
in 
in 
in 
o 
in 
en 
00 
CO 
in 
o 
in 
in 
B 
m 
0) 
s: 
CO 
CO 
o 
10 
u 
CO 
en 
o 
10 
a 
o 
en 
O 
CO 
o 
o 
i H 
r-
i n 
r-
^ 
U3 
0 0 
i n 
0 0 
o 
tn 
r-
r~ 
0 0 
r~ 
n 
0 0 
r-l 
r~ 
en S 
> i 
!h 
C 
0) 
s 
en 
C 
•H 
S 
0 
(fl 
>*-i 
o 
0) 
g 
•H 
+J 
(U 
x: 
4J 
-p 
10 
"C 
0) 
•H 
i - l 
a 
n. 
10 
(0 
10 
> 
(0 
£ 
\ 
« 
D> 
>; 
i n 
n 
•D 
C 
ro 
cu 
en 
^ 
O 
n 
^ Z 
C7I 
^ 
o 
i H 
m 
o 
(U 
(0 
o 
•a 
(-1 
10 
(0 
<o 
XI 
E 
u 
o 
>H 
• H 
e 3 
rf 
• • 
CQ 
z 
0) 
a 
a 
ro 
ro £ 
\ 
cn 
t7» 
>: 
CO 
II 
CO 
cn 
o 
ro 
o 
• • i 
e 
a (0 
> i 
en 
(fl 
ro 
0) 
•H 
1-H 
a 
a 
ro 
ro 
£ 
\ 
^ - x 
cn 
en 
X 
0 0 
"C 
c 
ro 
^ 
ro 
U 
en 
o 
H 
II 
0 0 
cn 
o 
H 
ro 
O 
•^  U 
0) 
in 
• H 
r-< 
•H 
•p 
OJ 
IW 
o 
z 
II 
o 
cn 
o 
ro 
U 
• 
4J 
c ro 
CJ 
•H 
< * - l 
• H 
C 
•H 
n 
1 
c 
0 
z 
II 
• 
cn 
• 
z 
•-. 
c 
• H 
X 
o 
•a 
•H 
>^  
O 
II 
> l 
cu 
• « 
•a 
0) 
M 
ro 
0 
M 
1 
u (U 
-p 
ro 
3 
II 
cn 
3 
' J ' 
o 
cn 
(0 
ro 
CO 
< Q 
i n 
o 
ro 
i n 
H 
0 0 
o 
r-
co 
o 
"* 
I - l 
t N 
• o 
cWi 
i n 
ro 
Q* ro 
u " ^ 
0 0 
r--
i n 
CN 
m 
n 
CO 
i H 
• O 
> 1 
PJ 
• cn 
z 
• CO 
Z 
• w 
• 
z 
> i 
a< X 
ro 
U 
 
 
 
 
 
  
 
 
 
B 
3 
• H 
(0 
m 
m 
4J 
o 
n. 
c 
o 
,— 
^^ 
0) 
c 
• H 
X 
0 
•o 
• H 
M 
> i 
OJ 
x: 
+ j 
• H 
s 
+J 
c (U 
e 
- p 
m 
0) 
•a 
0) 
(U 
to 
c . 5 •^  
S ' 
•^ EH 
0) . 
U U 
Oi (0 
> 
eg" (0 S 
o 
o 
l^ e 
U 1^  
' - ' 0) 
B 1 
3 3 
• H to 
o 
r H IW 
<d o 
o 
•H? 
m c 
W "O 
•0 " ^ ja D-
\ 
o ^ 
•P m 
U 3 
0) -P 
m 10 
M-l +J 
W tn 
• • 
001 
r-l 
01 
r-t 
S3 
m 
EH 
-^> (0 
(U 
4J 
10 
U 
• H 
0) 
M 
(U 
0) 
V4 
£ 
+J 
>w 
0 
c 
10 
(U 
s 
•—*" 
^^^ 
to 
D 
(0 
0) 
cn 
m 
• p 
(0 
c 
B 
(0 
i n 
o 
0) 
0 
fO 
CQ 
i r t 
r-t 
Ul 
•p 
C 
t n fl) 
C g 
- H 4-1 
y, m 
m a) 
o u 
m - p 
c 
(0 
0) 
oo 
10 
CJ 
CD 
U) 
O 
rH 
(0 
CJ 
O 
w 
o 
(0 
u 
c 
(0 
i n 
O l 
n 
"J-
CM 
i n 
c 
(0 
0) 
s 
oo 
m 
o 
(0 
u 
00 
w 
o 
fH 
(0 
u 
o 
w 
o 
(0 
u 
O Ol 
00 in 
r-- oi 
n 
cr, 
00 
CNl 
oo 
CM 
in 
in 
o 
O 
oc 
CN 
rH 
o^ 
cn 
rH 
r-
oo 
w 
o 
ro U 
0 0 
W 
o 
r H 
(0 
o 
O 
w 
o 
ro 
u 
CTl 
n 
"4* 
0 0 
o 
T 
0 0 
n 
n 
r H 
i n 
i n 
0 0 
( N 
i n 
n 
CTl 
t i ' 
in 
00 
10 
in 
o 
1^ 
r-
ID 
00 
lO 
ID 
I-
ID 
in 
ID 
w S 
> i 
cu 
c 
ro 
0) 
S 
cr> C 
• H 
S 
0 (/) 
i p 
0 
(U 
s 
• H 
-P 
0) 
£ 
+J 
+J 
ro 
•o (U 
• H 
r H 
a 
f b 
ro 
(0 
ro 
> 
ro £ 
\ 
u: 
t P 
^ 
i n 
n 
•a 
c 
ro 
04 
cn 
^ 
o 
m 
^ S 
cn 
J ^ 
o 
r H 
>tH 
o 
0) 
(A 
o 
-d 
r H 
ro 
10 
ro 
43 
E 
u 0 
i p 
• H 
c 
3 
< 
• • 
• 
PQ 
Z 
0) 
• H 
r H 
a, 
ro 
ro x: \ 
in 
cn 
Ai 
0 0 
II 
0 0 
w 
o 
ro 
o 
E 
3 
(0 
Q j 
> i 
D i 
(0 
ro 
•a 
(U 
• H 
r H 
a 
Q i 
ro 
ro 
*-^  
m 
D i 
^ 
0 0 
•c 
c 
ro 
—^' 
ro 
u 
cn 
M 
o 
II 
0 0 
o 
r- l 
ro 
u 
•« 
(U 
(0 
• H 
r H 
• H 
(U 
MH 
O 
z 
II 
o 
cn 
o 
ro 
u 
• 
+J 
c 
ro 
u 
• H 
MH 
• H 
C 
tn 
• H 
(0 
i 
o 
z 
II 
, 
w 
z 
OJ 
c 
• H 
X 
0 
•a 
• H 
M 
> i 
Q j 
dP 
f ? 
O 
II 
> i 
^ 
• •> 
•a 
0) 
;« 
ro 0 
in 
1 
u 
0) 
+> 
ro 
s 
II 
in 
s 
I -
o 
tn 
CN 
« 
Ul 
ro 
o 
n CM 
CN 00 
CN r-\ 
tn 
Z 
CN 00 in 
rH Z 
<*p 
i n 
•P 
ro 
• Q 
ro 
u 
> i 
CL< 
>1 
04 
X 
ro 
u 
o 
 
 
 
 
 
  
 
 
 
118 
treatment with pyridoxine was found significant on this 
parameter at all growth stages (Table 79). 
Ca,QSQ gave significantly higher values than CagSg 
and CagSp in that order at all stages. Ca^Sp significantly 
showed poorest effect; but at 30 days, its effect was 
equalled by Ca^So. Regarding soaking treatments, pyridoxine 
treatment (PY) gave significantly higher value than the 
water-soaked control (WS) at all stages. 
4.5 EXPERIMENT 5 
This factorial randomised experiment on mustard was 
designed on the basis of the findings of Experiment 2. As 
explained earlier (p. 85 ), five Ca and S treatments, viz. 
Ca^SQ, CaQS32/ CagS^g, Ca^^S^^ and Ca^^S^g and three aqueous 
pyridoxine treatments viz. water-soaked (WS), 0.03% 
pyridoxine (PY,) and 0.04% pyridoxine (PY-) were taken. The 
characteristics studied and the plant stages at which data 
were recorded were kept the same as in Experiment 2. The 
data are summarised in Tables 80-95 and are briefly 
described below: 
4.5.1 Growth characteristics 
Generally, the effect of calcium and sulphur and of 
pre-sowing seed soaking treatment was found significant on 
growth parameters at almost all stages. However, interaction 
effect was non-significant on these parameters at any stages 
except fresh weight per plant,at 90 DAS and CGR, RGR and 
NA"v at all stages. 
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4.5.1.1 Height per plant 
The effect of Ca as well as S application and of 
pre-sowing seed soaking treatment was found significant on 
this parameter at all stages (Table 80). 
Ca^^S.Q, being at par with C^Ar)^22' 9^ ®^ significant 
higher plant height at all stages. The effect of , Ca.S^o 
and Ca-S-Q was at par. Significant lowest value was recorded 
U 4o 
in control (CaQSp). 
PY2 proved best and the value differed critically 
with those of the other treatments. Significant lowest 
values was recorded in WS at all stages. 
4.5.1.2 Leaf area index (LAI) 
The effect of Ca and S application as well as of PY 
was found significant on this parameter at all stages 
(Table 81). 
At all stages, Ca4QS22' being at par with CagpS^g, 
gave significant higher value than the other treatments. The 
effect of Ca_S^2 ^^^ ^^n^48 ^^^ also at par. Significant 
lowest value was recorded in the control (Ca^SQ). 
Regarding soaking tratments, it was found that LAI 
increased significantly upto PY- at all stages. 
4.5.1.3 Fresh weitjht per plant 
Application of Ca and S'and^of pr^-^sowing seed soaking 
treatment and their interaction had significant effect on 
this parameter at all stages, except the interaction effect 
 
 
 
 
 
  
 
 
 
Table 80 : Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on height/plant (cm) 
of mustard var. Varuna at different growth stages. 
(Means of three replicates) 
Soaki n<) 
Lrcdl mcuLij 
WK 
PYl 
^^2 
Mean 
ws 
PYl 
^^2 
Mean 
WS 
pyi 
^^2 
Mean 
Ca^So 
4f;.H 
52.2 
53.9 
50.96 
6:^ .8 
72.0 
77.3 
71 .0 
67.9 
71.4 
72.8 
70.7 
R asa 
*^^40^32 
56.3 
60.3 
66.2 
60.13 
G8.2 
80.0 
85.6 
77.9 
78.4 
83.2 
85.9 
82.5 
50 
70 
90 
1 dose 
^^60^48 
DAS 
56.1 
61.8 
64.0 
60.63 
DAS 
68.4 
78.2 
85.0 
77.9 
DAS 
79.0 
83.0 
86.2 
82.7 
^^0^32 
52.8 
56.8 
60.2 
56.60 
65.8 
76.0 
82.8 
75.1 
74.8 
78.2 
82.4 
78.5 
CagS^g 
53.2 
57.4 
60.8 
57.13 
66.1 
76.2 
82.1 
74.5 
75.3 
79.4 
82.0 
78.9 
Mean 
53.04 
57.70 
61.02 
66.4 
76.48 
82.46 
75.09 
79.04 
81.86 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca^SQ = no fertiliser; Ca^QS32 = 40 kg Ca (32 kg S)/ha and 
CaggS^g = 60 kg Ca (48 kg S)/ha applied as gypsum? CaQS32= 32 
kg S/ha and Ca^s^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-significant. ^ 
DAS 
CD.at 5% 
Ca 
Py 
CnxPy 
50 
2.05 
2.24 
N.R. 
70 
2.65 
2.36 
N.S. 
90 
3.2 
2.5 
N.S. 
 
 
 
 
 
  
 
 
 
Table 81: Effect of basal calcium (Ca) and pre- sowing seed 
treatment with pyridoxine (Py) on leaf area index 
(LAI) of mustard var. Varuna at different growth 
stages. 
{Means of three replicates) 
Soaking 
treatments 
WS 
py, 
^^2 
Mean 
WS 
py. 
"^^2 
Mean 
WS 
py. 
•^ 2^ 
Mean 
^^0^0 
1.278 
1.324 
1.372 
1.324 
1.388 
1.436 
1.500 
1.441 
0.721 
0.926 
1 .009 
0.886 
B asal dose 
^^40^32 
1.403 
1.491 
1.520 
1.471 
1.542 
1.586 
1.623 
1.584 
0.871 
1.075 
1.12 4 
1.023 
50 
70 
90 
^^60^48 
DAS 
1.412 
1.504 
1.535 
1.480 
DAS 
1,566 
1.575 
1.749 
1.592 
DAS 
0.880 
1.056 
1.139 
1.025 
^^0^32 
1.364 
1.425 
1.460 
1.416 
1.489 
1.531 
1.573 
1.531 
0.789 
1.098 
1.069 
0.957 
^^^0^48 
1.359 
1.436 
1.480 
1.425 
1.498 
1.540 
1.568 
1.535 
0.807 
1.019 
1.080 
0.968 
Mean 
1.364 
1.436 
1.474 
1.496 
1.533 
1.580 
0.814 
1.016 
1.084 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca^Sg = no fertiliser; Ca^^S^^ = ^^ ^9 Ca (32 kg S)/ha and 
CaggS^g = 60 kg Ca (48 kg S)/ha applied as gypsum; Ca-S._= 32 
kg S/ha and Ca^S^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py^ ^ = 0.02% pyridoxine; Py, = 0.04% 
pyridoxine;N.S, = Non-significant. 
DAS 
C D . at 5% 50 70 90 
Ca 0.036 0.043 0.0265 
Py 0.028 0.033 0.0205 
CaxPy N.S. N.S. N.S. 
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at 50 and 70 DAS (Table 82). 
^^40^32' '^ ^^ '^ ^ ^ ^ P^ *^  with CaggS-g, gave significant 
higher value than the other treatments. The effect of 03^822 
and Ca-S.Q was also at par. Significant lowest value was 
recorded in the control (CaQSQ). 
Significant highest fresh weight per plant was 
recorded in PY-. Water soaked control (WS) gave significant 
lowest value. 
Regarding interaction effect, Ca^gS^j x T?^2' ^^^^^ ^^ 
par with Ca,j.S.g x PY^ gave significant highest value. The 
significant lowest value was recorded in Ca-.Sj. x WS. 
4.5.1.4 Dry weight per plant 
The effect of the application of Ca and S and of pre-sb«nng 
soaking treatments was found significant on this parameter 
at all stages (Table 83). 
^^40^32 (6<3^ 3l'L®^  t)y CaggS-g) gave significant higher 
value. Treatments Caj.S__ and Ca^S-g showed equal effect on 
this parameter. Ca^SQ showed significant lowest value. 
Among the effect of soaking treatments on dry weight, 
it was noted to increase significantly upto FY- at all 
stages. 
4.5.1.5 Root length per plant 
The effect of Ca and S application and of pre-sowing 
seed soaking treatment was found significant on this 
parameter at all stages (Table 84). 
 
 
 
 
 
  
 
 
 
Table 8 2 : EffecL of basal calcium (Ca) and pre-sowing seed 
treatrnont with pyridoxins (Py ) on fresh v/eiyht/pl ant 
(ij) oi must.iiid vur. Varuna at different yrowth 
stayes. 
(Means of throe replicatos) 
Soaking Basal dose 
treatments ^ 
Ca^SQ ^340832 CaggS^g CaQS32 CagS^g Mean 
50 DAS 
WS 30.57 38.79 40.69 34.57 35.21 35.97 
Pyj^ 34.54 46.04 47.40 41.38 42.00 42.27 
Py 37.01 48.88 47.48 43.21 44.30 44.18 
Mean 31.04 44.57 45.19 39.72 40.50 
70 DAS 
WS 43.98 66.30 69.09 56.82 55.41 58.32 
Py^ ^ 55.15 83.61 87.17 71.42 73.11 74.09 
Py 62.81 92.01 88.95 78.56 80.21 80.50 
Mean 53.98 80.64 81.74 68.93 69.58 
90 DAS 
WS 60.10 90.32 9*5.16 73.21 75.61 78.88 
Py^^ 72.16 118.60 116.80 98.32 101.60 101,49 
Py 80.90 123.60 124.80 118.8 115.40 113.10 
Mean 71.05 110.84 112.92 96.78 97.54. 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
'^^O^O ^ "° fertiliser; 03^^832 = 40 kg Ca (32 kg S)/ha and 
*^®60^48 ^ ^° ^'^ '^^ ^^^ ^'^ S)/ha applied as gypsum; CaQS-2= 32 
kg S/ha and Ca^S^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py- = 0.04% 
pyridoxine;N.S. = Non-significant. ^ 
DAS 
CD.at 
Ca 
Py 
CaxPy 
5% 50 
1.667 
1.291 
N.S. 
70 
2.848 
2.206 
N.S. 
90 
3.54 
2.74 
6.13 
 
 
 
 
 
  
 
 
 
Table 83 : Effect of basal calcium (Ca) and pre-sowinq seed 
treatment with pyridoxine (Py) on dry vi?eiyht/plant 
(q) of mustard var. Varuna at different yrowth 
(Means of three replicates) 
Soaking Basal dose 
treatments 
^^0^0 ^^40^32 ^^60^48 ^^0^32 ^^0^48 "^^" 
50 DAS 
WS 8.42 10.13 10.46 9.38 9.45 9.57 
Py^ 9.21 12.02 11.91 10.63 10.72 10.90 
Py2 10.03 12.93 13.08 11.79 11.91 11.95 
Mean 9.22 11.69 11.82 10,60 10.69 
70 DAS 
WS 13.83 19.56 20.38 16.54 17.02 17.47 
Py^ 16.97 25.11 25.05 21.82 22.03 22.20 
Py2 19.69 28.05 28.42 24.24 24.36 24.95 
Mean 16.83 24.24 24.62 20.87 21.14 
90 DAS 
WS 20.56 29.95 31.62 25.66 26.02 26.76 
Pyj^ 24.52 40.65 41.46 33.85 34.78 35.05 
Pyj 29.10 44.93 43.98 38.25 39.00 39.02 
Mean 24.73 38.51 39.02 32.59 33.27 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca^SQ = no fertiliser; Ca^^S^^ = ^^ ^9 ^^ ^32 kg S)/ha and 
Cag_S.g = 60 kg Ca (48 kg S)/ha applied as gypsum; Ca_S_ = 32 
kg S/ha and Ca^S^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py, = 0.04% 
pyridoxine;N.S. = Non-significant. 
C.I), at 5% 
Ca 
I'y 
CaxPy 
DAS 
50 70 
0.313 1.200 
0.243 0.929 
N.S. N.S. 
90 
1.679 
1.300 
N.S. 
 
 
 
 
 
  
 
 
 
Table 84 : Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on root lenyth/plant (cm) 
of mustard var. Varuna at different growth stayes. 
(Means of three replicates) 
Soaking Basal dose 
treatments 
^^0^0 ^^40^32 ^^60^48 ^^0^32 ^^0^48 "^^" 
ws 
^^2 
Mean 
WS 
Mean 
WS 
P^2 
Mean 
19.4 
21.0 
21.6 
20.67 
18.8 
21.2 
22.3 
20.73 
19.0 
22.0 
22.9 
21 .3 
50 
24.3 
26.4 
26.0 
25.60 
70 
25.3 
27.3 
28.0 
26.90 
90 
24.9 
27.5 
28.7 
27.0 
DAS 
24.0 
27.0 
26.5 
25.80 
DAS 
25.0 
27.6 
27.9 
26.80 
DAS 
25.3 
28.0 
29.1 
27.5 
22.6 
24.7 
24.8 
24.03 
23.6 
25.9 
25.8 
25.10 
23.0 
24.8 
25.9 
24.3 
22.8 
25.3 
24.2 
24.10 
23.1 
26.2 
26.2 
25.20 
23.0 
25.2 
25.1 
24.5 
22.62 
24.88 
24.62 
23.14 
25.64 
26.04 
23.1 
25.34 
26.34 
N.B. : A uniform basal dose of 90 ky N, 30 ky P and 30 ky K/ha 
was applied as the time of sowiny. 
CagSg = no fertiliser; Ca^QS22 = 40 ky Ca (32 kg s)/ha and 
^^60^48 "^  ^ ° "^'J '^^ ^^^ "^y S)/ha applied as yypsum; 03^5-2= 32 
kg S/ha and Ca^s^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py. = 0.02% pyridoxine; Py = 0.04% 
pyridoxine;N.S. = Non-significant. ^ 
DAS 
C . D . a t 
Ca 
Py 
CaxPy 
5% 50 
1.40 
1.08 
N.S. 
70 
1.73 
1.35 
N.S. 
90 
"""TTelT 
1.26 
N.S. 
 
 
 
 
 
  
 
 
 
121 
^^40^32 (equalled by Cag^S^g) gave significant 
highest value. Treatments CaQS22 and CagS^g also showed 
equal effect on this parameter. Control (CaQS-) gave 
significant lowest value. 
PYj (equalled by PY,) gave significant highest value. 
Water soaked (WS) gave significant lowest value. 
4.5.1.6 Crop growth rate (CGR) 
The effects of the application of Ca and S and of 
pre-sowing seed soaking treatment and their interaction was 
found significant at both intervals (Table 85). 
^^40^32 (^ e^i'^Q ^^ P^^ with CagpS^g) gave significant 
highest value. The values recorded in Ca^S-- and Ca-S-g were 
at par. Significant lowest value was recorded in the control 
(Ca^SQ). 
With respect to seed soaking treatments, it was found 
that the CGR increased gradually upto PY^' 
At 50-70 DAS interval, ^340^32 ^ ^^2 (equalled by 
Cag-.S.g X PY-) gave significant highest value. However, at 
70-90 DAS interval, the effect of Ca.-.S^ 2 ^ ^^o ^^ as at par 
with Cag^S-g X PY, as well as Cag^^S^ x PY^, and the values 
given by these interactions were significantly higher than 
those for the rest of interactions. At both intervals, 
significant lowest value was recorded in Ca_S-. x WS. 
4.5.1.7 Relative growth rate (RGR) 
The effects of Ca and S application, pre-sowing seed 
 
 
 
 
 
  
 
 
 
Table 85: Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on crop growth rate 
(CGR) (g/m2/day) of mustard var. Varuna at different 
growth interval. 
(Means of three replicates) 
Soaking Basal dose 
treatments 
^^0^0 ^^40^32 ^^60^48 ^^0^32 ^^0^48 "^^" 
50-70 DAS 
WS 5.97 10.37 10.91 7.88 8.33 8.69 
PYJ 8.54 14.40 14.45 12.31 12.44 12.43 
^^2 10.63 16.63 16.87 13.70 13.69 14.30 
''^ '^ an B.37 13.80 14.08 11.29 11.49 
70-90 DAS 
*'''' 7.40 11.83 12.35 
^^1 8.31 17.09 18.05 
Py2 10.35 18.57 18.12 
Mean 8.69 15.83 16.17 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca^SQ = no fertiliser; Ca^^S^, "" 40 ky Ca (32 kg S)/ha and 
CagpS^g = 60 kg Ca (48 kg S)/ha applied as gypsum; Ca^S^ = 32 
kg S/ha and Ca^s^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py„ = 0.04% 
pyridoxine;N.S. = Non-significant. 
DAS 
10.03 
13-23 
15.41 
12.89 
9.90 
13.36 
16.10 
13.12 
10.30 
14.01 
15.71 
CD.at 5% 50-70 
Ca 
Py 
CaxPy 
0.37 
0.28 
0.63 
70-90 
0.44 
0.34 
0.76 
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soaking treatment and their interaction was found signifi-
cant on this parameter at both 50-70 and 70-90 DAS intervals 
(Table 86). 
^^40^12 ^^^ ^^60^48 (showing equal effect) gave 
significant highest value. The effect of Ca^S,- ^^^ ^^0^48 
was also found statisticaly equal. Significant lowest 
relative growth rate was recorded Ca^SQ. 
RGR increased gradually with increasing pyridoxine 
concentration at both interval. However, at 70-90 DAS 
interval, the value was found statistically equal to that 
for PY,. 
Considering the interaction effect, at 50-70 DAS 
interval, CagpS.g x PY^ gave maximum RGR but the value was 
at par with three interactions, including Ca-^ S^,- x PYj^ , 
Ca.rtS^ n X PY_ and Ca^nS.o x PY, . The lowest value was 40 32 2 60 48 1 
recorded in Ca-Sp x WS. At 70-90 DAS interval, CagQS.g x 
PY, proved best and its effect differed critically from that 
of all other interactions. Significant lowest value was 
recorded in CapSp x PY,, followed by Ca^S^ x WS and Ca^SQ x 
PY^ which were at par. 
4.5.1.8 Net assimilation rate (NAR) 
and of 
The effect of the application of Ca and S,/pre-sowing 
seed soaking treatment and their interaction was found 
significant on this parameter at both intervals (Table 87). 
At 50-70 DAS interval, ^^ggS^g had significant 
maximum net assimilation rate while Ca.-jS-j closely followed 
 
 
 
 
 
  
 
 
 
Table 86 : Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on relative growth 
rate (RGR) (mg/g/day) of mustard var. Varuna at 
different growth interval. 
(Means of three replicates) 
Soaking 
treatments 
WS 
PYl 
^^2 
Mean 
WS 
pyi 
^^2 
Mean 
c^o^o 
24.8 
30.6 
33.7 
29.7 
19.8 
18.4 
19.5 
19.2 
Ca^oS 
32.9 
36.8 
38.7 
36.1 
21.3 
24.1 
23.6 
23.0 
Basal 
32 
50-
70-
dose 
^^60^48 
-70 
-90 
DAS 
33.3 
36.7 
38.8 
36.3 
DAS 
21.9 
25.2 
22.8 
23.3 
^^0^32 
28.4 
36,0 
36.0 
33.5 
22.0 
21.9 
22.8 
22.2 
^^0^48 
29.4 
36.1 
35.8 
33.8 
21.2 
22.0 
23.5 
22.2 
Mean 
29.8 
35,2 
36.6 
21.2 
22.3 
22,4 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca^SQ = no fertiliser; Ca^gS^j = 40 kg Ca (32 kg S)/ha and 
CaggS^g = 60 kg Ca (48 kg S)/ha applied.as gypsum; CaQS^„= 32 
kg fi/ha and Ca^s^^ ^ 40 kg S/ha applied as ammonium sulphate 
WS - Waters so.ik.-cl; Py ^ 0.02'i pyridoxine; Py = 0.04% 
pyridoxine;N.S. - Non significant. 
DAS 
CD.at 5% 
Ca 
Py 
CaxPy 
50-70 
1.28 
0.99 
2.21 
70-9C 
0.36 
0.28 
0.62 
 
 
 
 
 
  
 
 
 
Table 87: Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on net assimilation 
rate (N/\K ) (y/m2/day) of mustard var. Varuna at 
different yrowth interval. 
(Means of three replicates) 
Soaking 
treatments 
WS 
PYl 
^^2 
Mean 
WS 
py^ 
py2 
Mean 
^"o-^o 
4.47 
6.19 
7.40 
6.02 
7.26 
7.15 
8.35 
7.59 
Ca,„S 
7.05 
9.36 
10.58 
9.00 
10.07 
13.00 
13.67 
12,25 
Basal dose 
32 
50-
70-
*-^ 6^0^ 48 
-70 DAS 
7.33 
9.38 
12.28 
9.66 
-90 DAS 
10.37 
13.90 
13.19 
12.49 
^^0^32 
5,53 
8.33 
9.04 
7.63 
9.09 
10.56 
11.81 
10.49 
^^0^48 
5.83 
8.36 
9.98 
7.72 
8.86 
10.59 
12.29 
10.58 
Mean 
6.04 
8.32 
9.66 
9.13 
11.04 
11.86 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca^SQ = no fertiliser; Ca^gS^j = 40 kg Ca (32 kg S)/ha and 
CaggS^g = 60 kg Ca (48 kg S)/ha applied as gypsum; CagS-_= 32 
kg S/ha and Ca^S^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py» = 0.04% 
pyridoxine;N.S. = Non significant. 
C.r).aL 
Ca 
Py 
r^xP 
DAS 
5% 50-70 
"0.280 
0.214 
^ 0.478 
70-90 
07289 
0.224 
0.500 
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it. The value given by these two treatments significantly 
differed from those for the rest of the treatments. The 
effect of CaQS-2 ^^^ ^^0^48 ^^^ ^^ PSLT . Significant lowest 
value was recorded in the control (CaQSp). At 70-90 DAS 
intervals/ the position remained similar to 50-70 DAS, 
except that Cag^S.g showed equal effect to that of Ca^QS22-
PYj proved best among soaking treatments and value 
differed critically with that of all other soaking 
treatments. Significant lowest value was recorded in the 
water soaked control (WS) at both intervals. 
Considering the interaction effect, at 50-70 DAS 
interval, Ca^^S.n x PY_ gave significant highest value, 
while CagSg x WS gave significant lowest value. At 70-90 
DAS, Cagj.S.g X PY, , being at par with Ca._S-^ x PY_, gave 
significant highest value, Ca-S^ x PY,, being at par with 
Ca^ S^^  x WS, showed significant lowest effect. 
4.5.2 Yield and quality characteristics 
Yield parameters (pod number per plant, seed number 
per pod, 1,000 seed weight, seed yield, harvest index, seed 
oil content and oil yield) were studied at harvest. The 
effect of basal application and pre-sowing seed treatment 
was found significant on all the yield parameters studied 
except the effect of Ca on harvest index and the effect of 
both Ca and pyridoxine on 1,000 seed weight. Moreover, the 
interaction effect was not found significant on any of these 
parameters. The data are summarised below (Tables 88-90);: 
 
 
 
 
 
  
 
 
 
12A 
4.5.2.1 Pod number per plant 
The effect of Ca and S and of pre-sowing seed soaking 
treatment was found significant on this parameter (Table 88), 
Ca^nS^p^being at par with CaggS-g) gave significant 
highest value. The effect of Caj>S__ and Ca^ S^-j. was at par. 
Significant lowest value was recorded in the control (Ca_S^), 
Pod number per plant increased significantly upto PY2 
which was at par with PY,. 
4.5.2.2 Seed number per pod 
The effect of application of Ca and S and of pre-
sowing seed soaking treatment was found significant on this 
parameter (Table 88). 
^^40^32 (equalled by ^^60^48^ gave significant 
maximum value. Treatments Ca^S^- ^^^ *"^ n^ 48 showed equal 
effect on this parameter. Ca-S,. showed significant lowest 
value. 
Seed number per pod increased significantly from the 
control (CagSp) to PYj and the values given by all the 
treatments significantly differed critically from each 
other. 
4.5.2.3 1,000 seed weight 
The effect of Ca and S and of pre-sowing seed soaking 
treatment was not found significant on this parameter 
(Table 88). 
 
 
 
 
 
  
 
 
 
Table 88 : Effort of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on yield parameters 
of mustard var. Varuna. 
(Means of three replicates) 
Soaking Basal dose 
treatments 
^^^0^0 '=^40^32 ^^60^48 ^^0^32 ^^0^48 "^^" 
Pod number per plant 
WS 246 308 314 275 
Py;^  305 356 368 339 
Py2 318 362 370 333 
Mean 290 342 351 316 
Seed number per pod 
WS 20.2 22.6 23.1 21.7 
Pyj^ 23.6 26.3 25.5 24.7 
Py- 24.2 25.8 26.0 24.4 
Mean 22.67 24.9 24.87 23.60 
1,000 seed weiyht (g) 
WS 4.71 4.86 4.77 4.86 
Pyj^ 4.85 4.83 4.82 4.79 
Py2 4.79 4.86 4.75 4.84 
Mean 4.783 4.850 4.783 4.830 
281 
345 
338 
320 
285 
343 
344 
21.2 
24.4 
24.8 
23.47 
21.76 
24.90 
25.04 
4.78 
47.3 
4.75 
4.750 
4. 796 
4.800 
4.798 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was np))lii.'d as the time of sowing. 
Ca^Sg = no Lrtnisor; Ca^^S22 " ^^ ^'^ ^^ ^^^ ^^ S)/ha and 
CaggS^g = 60 kg Ca (48 kg S)/ha applied as gypsum; 0305--= 32 
kg S/ha and Ca^^s^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py„ = 0.04% 
pyridoxine;N.S. = Non-significant. 
C D . at 5% 
Pod number Seed number 1,000 seed 
per plant per pod weight 
Ca 10.4 0.96 N.S. 
Py 8.05 0.74 N.S. 
CaxPy N.S. N.S. N.S. 
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4.5.2.4 Seed yield 
The effect of Ca and S and of pre-sowing seed soaking 
treatment was found significant (Table 89). 
Ca^nS^- ^^^ ^^60^48 s'^ o^ ®^  equal effect and the value 
was significantly higher than that of the other treatments. 
The effect of CapS^j ^^^ ^^0^48 "^^ ^^ par. Significant 
lowest value was recorded in the control (Ca^^S^). 
Significant higher seed yield was recorded in PYj (at 
par with PY,). Water-soaked control (WS) gave significant 
lower value. 
4.5.2.5 Harvest index 
As mentioned earlier, only the effect of pre-sowing 
seed treatment was found significant on this parameter 
(Table 89). The' maximum harvest index was recorded in PY-|^. 
followed by PY^ and water soaTced (WS) treatment in that 
order. 
4.5.2.6 Oil percentage 
The effect of Ca and S application as well as pre-
soaking treatment was not found significant on this 
parameter (Table 90). 
4.5.2.7 Oil yield 
The effect of Ca as well as S and pre-sowing seed 
soaking treatment was found significant on this parameter 
(Table 90). 
^^40^32 (^ ®i"9 at par with CaggS^g) gave significant 
 
 
 
 
 
  
 
 
 
Table 89: Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on yield parameters 
of mustard var. Varuna-
(Means of three replicates) 
Soaking 
treatments 
ws 
Py^ 
py2 
Mean 
WS 
PYl 
^^2 
Mean 
^^0^0 
11.01 
13.01 
12.93 
12.32 
20.3 
22.3 
21.3 
21.2 
Basal dose 
^^40^32 ^^60^48 
Seed yield (<i/ha 
12.21 
15.86 
15.98 
14.68 
12.32 
16.00 
16.13 
14.82 
Harvest index 
19.8 
22.8 
22.4 
21.66 
20.3 
23.3 
22.5 
21.9 
^^0^32 
) 
11.82 
14.02 
14.28 
13.37 
19.8 
23.0 
22.1 
21.63 
^^0^48 
11.90 
14.05 
14.19 
13.38 
20.1 
22.7 
21.8 
21.53 
Mean 
11.85 
14.59 
14.70 
20.1 
22.8 
22.0 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca-S_ = no fertiliser; Ca._S = 40 kg Ca (32 kg S)/ha and 
CaggS^g = 60 kg Ca (48 kg S)/ha applied as gypsum; CaQS-2= 32 
kg S/ha and Ca^S^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py^ = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-significant. 
CD. at 5% 
Seed yield Harvest index 
Ca 
Py 
CaxPy 
0.62 
0.48 
N.S. 
N.S. 
0.3994 
N.S. 
 
 
 
 
 
  
 
 
 
Table 90 : Effect of basal calcium (Ca) and pre- sowiny seed 
treatment with pyridoxinc (Py) on seed oil (%) and 
oil yield (q/ha) of mustard var. Varuna. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
py^ 
py2 
Mean 
WS 
py^ 
^^2 
Mean 
c^o^o 
35.7 
35.8 
36.1 
35.9 
3.93 
4.66 
4.66 
4.42 
Basal dose 
^^40^32 
Seed 
35.9 
36.0 
35.8 
35.9 
^^60^48 
oil (%) 
35.9 
35.9 
36.2 
36.0 
Oil yield (q/ha) 
4.74 
5.71 
5.72 
5.38 
4.78 
5.74 
5.84 
5.44 
^^0^32 
36.1 
35.9 
35.9 
36.0 
4.27 
5.03 
5.13 
4.81 
^^0^48 
36.0 
36.2 
36.0 
36.1 
4.28 
5.09 
5.11 
4.83 
MeaYi 
35.9 
36.0 
36.0 
4.40 
5.25 
5.29 
N.B. : A uniform basal dose of 90 kg N, 30 ky P and 30 ky K/ha 
was applied as the time of sowiny. 
CagSQ = no fertiliser; Ca^gS^j = 40 ky Ca (32 ky S)/ha and 
CaggS^g = 60 ky Ca (48 ky S)/ha applied as yypsum; CaQS^_= 32 
ky S/ha and Ca^S^^ = 40 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-significant. 
Ca 
Py 
CaxPy 
C D . at 5% 
Seed oil Oil yield 
N.S. 0.28 
0.22 N.S. 
N.S. N.S. 
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higher value than the other treatments. The effect of Ca.S^j 
and Ca^S-o was at par. Significant lowest value was recorded 
U 4o 
in the control (CaQSQ). 
Regarding soaking treatment, it was found that oil 
yield increased significantly upto PY, . 
4.5.3 Biochemical and chemical parameters 
4.5.3.1 Nitrate reductase activity (NRA) 
Only the effect of pre-sowing seed soaking treatments 
was found significant on this parameter at 50 and 70 DAS 
(Table 91). Significant higher NRA was found in PY_ and the 
lowest value was recorded in the water-soaked control* 
4.5.3.1 N/ P, K and Ca status of plants 
4.5.3.1.1 Nitrogen status 
The effect of Ca and S application and of pre-sowing 
seed soaking treatment was found significant on this 
parameter at all stages (Table 92). 
CagQS^g (equalled by Ca^gS^j) gave significant 
maximum value at all stages. The values recorded for Ca S-^ 
and Ca^ jS^ g were statistically equal. CaQS_ (control) gave 
significant lowest value at all stages. 
PY2 gave significant maximum value and it differed 
critically with that of all other treatments. Water-soaked 
control (WS) gave significant lowest value at all stages. 
 
 
 
 
 
  
 
 
 
Table 91 : Effect of basal calcium (Ca) and pre-sowing seed 
i-.reatment with pyridoxine (Py) pn tHe nitrate reduc 
tase activity in leaf {ja mol N02/y/h) of mustard 
var. Varuna at different yrowth stayes. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
PYl 
py2 
Mean 
WS 
py^ 
^^2 
Mean 
WS 
pyi 
py2 
Mean 
c^o^o 
0.841 
0.896 
0.921 
0.886 
0.563 
0.600 
0.598 
0.587 
0.526 
0.538 
0.539 
0.534 
Basal dose 
•-^ 4^0^ 32 
0.833 
0.885 
0.918 
0.879 
0.559 
0.593 
0.609 
0.587 
0.532 
0.540 
0.530 
0.534 
50 
70 
90 
^^60^48 
DAS 
0.848 
0.901 
0.920 
0.890 
DAS 
0.570 
0.591 
0.611 
0.591 
DAS 
0.521 
0.531 
0.532 
0.528 
^^0^32 
0.843 
0.883 
0.928 
0.885 
0,568 
0.607 
0.592 
0.589 
0.529 
0.543 
0.549 
0.540 
CagS^g 
0.834 
0.892 
0.916 
0.881 
0.555 
0.591 
0.604 
0.583 
0.535 
0.532 
0.546 
0.538 
Mean 
0.840 
0.891 
0.921 
0.563 
0.596 
0.603 
0.529 
0.537 
0.539 
N,B. : A uniform basal dose of 90 ky N, 30 ky P and 30 ky K/ha 
was applied as the time of sowiny. 
Ca-S- = no fertiliser; Ca^^S^, = 40 ky Ca (32 ky S)/ha and 
CaggS^g = 60 ky Ca (48 ky S)/ha applied as yypsum; CaQS,,^ 32 
ky S/ha and Ca^S^g = 40 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py. = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxlne;N.S. = Non-siynificant. 
DAS 
D.at 
Ca 
Py 
CaxPy 
5% 50 
N.S. 
0.019 
N.S. 
70 
N.S. 
0.012 
N.S. 
90 
N.S. 
N.S. 
N.S. 
 
 
 
 
 
  
 
 
 
Table 92 '• Effect of basal calcium (Ca) and pre-sowiny seed 
treatment with pyridoxine (Py) on nitrogen status 
(my/plant) of mustard var. Varuna at different 
yrowth stayes. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
pyi 
py2 
Mean 
WS 
py^ 
^^2 
Mean 
WS 
py^ 
^^2 
Mean 
^^0^0 
338 
390 
447 
392 
495 
634 
726 
618 
696 
786 
894 
792 
Basal dose 
Ca^QS. 
424 
516 
570 
503 
708 
941 
1016 
888 
948 
1141 
1243 
1111 
32 
50 
70 
90 
^^60^48 
DAS 
431 
521 
581 
511 
DAS 
714 
956 
1024 
898 
DAS 
960 
1163 
1269 
1131 
^^0^32 
392 
459 
536 
462 
602 
816 
936 
786 
871 
1041 
1178 
1030 
^^^0^48 
381 
451 
525 
452 
599 
821 
948 
789 
878 
1028 
1165 
1024 
Mean 
392.2 
467.4 
531.8 
624.0 
834.0 
931.0 
871.0 
1032.0 
1150.0 
N.B. : A uniform basal dose of 90 ky N, 30 ky P and 30 ky K/ha 
was applied as the time of sowiny. 
Ca^Sg = no fertiliser; Ca^gS^j = 40 ky Ca (32 ky S)/ha and 
CaggS^g = 60 ky Ca (48 ky S)/ha applied as yypsum; CaQS-2= 32 
ky S/ha and Ca^S^g = 40 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py^ ^ = 0.02% pyridoxine; Py. = 0.04% 
pyridoxine;N.S. = Non-significant. 
DAS 
CD.at 5% 
Ca 
Py 
CaxPy 
50 
21.9 
16.9 
N.S. 
70 
24.0 
19.0 
N.S. 
90 
iS.O 
27.0 
N.S. 
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4.5.3.1.2 Phosphorus status 
Application of Ca and S and treatment with pyridoxine 
had significant effect on this parameter at all stages 
(Table 93). 
Ca.QS-2 (being at par with Cag^S^g) gave significant 
higher P status than other treatment at all stages. The 
effect of CaQS^2 and CaQS-g was at par. Significant lowest 
value was recorded in the control (CagSQ). 
PYj proved best and its effect differed critically 
with that of all other soaking treatments. Significant 
lowest value was recorded in water soaked control (WS) at 
all stages. 
CagQS.g X PYj showing equal effect with Ca.pS^j ^  ^^2 
gave significant higher phosphorus status in comparison to 
all other interaction. 
4.5.3.1.3. Potassium status 
The effect of Ca and S application and of pre sowing 
seeds soaking treatment was found significant on this 
parameter at all samplings (Table 94). 
At 50 DAS,_ all treatments showed equal effect which 
was significantly better than that of the control. At 90 
DAS,_ ^^40^22 (equalled by CapS^g) gave maximum value,_ 
followed by Cag^S^g which was at par with CaQS32- "o^^^®^ ^^ 
90 DAS,_ CagjjS^ g gave maximum value which differed critically 
with that of other treatments. Significant lowest value was 
given by the control (CaQSg) at these two stages also. 
At 50 DAS,_ PY2 gave maximum values while WS and PY, 
showed equal effect. At 70 and 90 DAS,_ K status increased 
significantly upto PYj-
 
 
 
 
 
  
 
 
 
Table 93 : Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on phosphorus status 
(my/plant) of mustard var. Varuna at different 
yrowth stages. 
(Means of three replicates) 
Soaking 
treatments 
ws 
py, 
P^2 
Mean 
WS 
py^ 
py2 
Mean 
WS 
py^ 
py2 
Mean 
^^0^0 
26.5 
29.0 
31.6 
29.0 
40.8 
49.6 
57.1 
49.2 
53.5 
59.9 
63.1 
58.8 
Basa 
^^40^32 
33.2 
36.1 
39.4 
36.2 
60.2 
71.6 
82.5 
71.4 
72.0 
91.4 
96.4 
86.8 
50 
70 
90 
1 dose 
*^^60^48 
DAS 
32.9 
36.3 
40.6 
36.6 
DAS 
61.0 
69.9 
84.0 
71.6 
DAS 
71.4 
93.6 
98.1 
87.7 
^^0^32 
30.6 
31.9 
37.3 
33.3 
50.3 
61.6 
69.7 
60.5 
63.3 
70.6 
76.8 
70.2 
^^0^48 
29.8 
32.3 
36.8 
33.0 
51.4 
62.9 
70.8 
61.7 
65.9 
73.2 
75.4 
71.5 
Mean 
30.6 
33.1 
37.1 
52.7 
63.1 
63.1 
65.2 
77.7 
82.1 
N.B. : A uniform basal dose of 90 kg N, 30 kg P and 30 kg K/ha 
was applied as the time of sowing. 
Ca^SQ = no fertiliser; Ca^QS22 = 40 kg Ca (32 kg S)/ha and 
CaggS^g = 60 kg Ca (48 kg S)/ha applied as gypsum; CaQS-2= 32 
kg S/ha and Ca^s^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py = 0.04% 
pyridoxine;N.S. = Non-significant. ^ 
DAS 
50 CD.at 5% 
Ca 1.356 
Py 1.051 
CaxPy N.S. 
70 90 
2.18 2.54 
1.69 1.97 
N.S. 4.40 
 
 
 
 
 
  
 
 
 
Table 94 : Effect of basal calcium (Ca) and pre-sowiny seed 
treatment with pyridoxine (Py) on potassium status 
(mg/plant) of mustard var. Varuna at different 
growth stayes. 
(Means of three replicates) 
Soaklny 
treatments 
Basal dose 
^'^0^0 ^^40^32 ^'^60^48 ^^^0^32 ^^0^48 "^^" 
ws 
py2 
Mean 
WS 
PYl 
py2 
Mean 
WS 
py^ 
py2 
Mean 
328 
356 
398 
361 
499 
584 
637 
573 
668 
801 
955 
808 
409 
421 
483 
438 
604 
659 
748 
670 
766 
934 
1118 
939 
50 
70 
90 
DAS 
384 
408 
449 
414 
DAS 
588 
621 
716 
642 
DAS 
743 
897 
1069 
903 
382 
401 
459 
414 
558 
623 
708 
630 
725 
884 
1043 
884 
391 
409 
461 
420 
579 
636 
717 
644 
735 
891 
1031 
886 
379 
399 
450 
566 
625 
705 
727 
881 
1043 
N.B. : A uniform basal dose of 90 ky N, 30 ky P and 30 ky K/ha 
was applied as the time of sowiny. 
CSQSQ = no fertiliser; 03^^822 = 40 ky Ca (32 kg S)/ha and 
CagpS^g = 60 ky Ca (48 ky S)/ha applied as yypsum; Ca-S-_= 32 
ky S/ha and Ca^S^g = 40 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py = 0.04% 
pyridoxine;N.S. = Non_significant. ^ 
-Daa. 
CD.at 5% 
Ca 
Py 
CaxPy 
50 70 
35 
27 
N.S, 
90 
26 
20 
N.S. 
35 
27 
N.S. 
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4.5.3.2.4 Calcium status 
The effect of Ca and S and of pre-sowing seed soaking 
treatment was found significant on this parameter at all 
growth stages (Table 95). 
At 50 DAS, Ca^QSjj and CaggS^g (showing equal effect) 
gave highest value. However at 70 and 90 DAS, Cag-S.g gave 
highest value which differed critically with that of other 
treatments. Moreover, the values for Ca status as affected 
by treatments Ca.S-j ^^^ *'^ n'^ 48 *'®^ ® statistically at par 
with that of the control (Ca^Sp) at all stages. 
Regarding soaking treatments, a gradual significant 
increase in calcium status was noted from control (Ca^ S^-) to 
maximum concentration of pyridoxine seed soaking treatmentj 
viz. PY--
4.6 EXPERIMENT 6 
This factorial randomised experiment on wheat was 
designed on the basis of the findings of Experiment 3. As 
explained earlier (p. 96 )/ five basal treatments, viz. 
Ca^SQ, CaQS.g, CajjS--/ ^ ^20^16 ^^^ ^^40^32 ^"^ three aqueous 
pyridoxine treatments, viz. water-soaked (WS), 0.03% (PY^) 
and 0.04:% (PYj) were taken. The characteristics studied and 
the plant stages at which data were recorded were kept the 
same as in Experiment 3 on wheat. The results are summarised 
in Tables 96-113 and are briefly described below: 
4.6.1 Growth characteristics 
Generally, the effect of the application of calcium 
 
 
 
 
 
  
 
 
 
Table 95 : Effect of basal calcium (Ca) and pre- sowint, seed 
treatment with pyridoxine (Py) on calcium status 
(my/plant) of mustard var. Varuna at different 
yrowth stayes. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
py^ 
py2 
Mean 
WS 
pyi 
^^2 
Mean 
WS 
pyi 
py2 
Mean 
•^"o^o 
138.0 
152.0 
160.0 
150.0 
183.0 
204.0 
211.0 
199.5 
305.5 
326.0 
353.0 
318.0 
Basa 
^•^40^32 
174.5 
200.5 
212.5 
196.0 
231.0 
263.0 
28 3.0 
259.0 
395.0 
401.0 
417.5 
340.5 
50 
70 
90 
1 dose 
^^60^48 
DAS 
184.0 
214.0 
223.0 
207.0 
DAS 
245.0 
283.5 
300.0 
276.0 
DAS 
430.5 
411.0 
430.0 
405.0 
^^0^32 
141.5 
151.0 
162.0 
151.5 
189.0 
201.0 
215.5 
202.0 
305.0 
347.5 
364.5 
349.0 
^^0^48 
142.5 
154.0 
166.5 
154.5 
186.5 
204.5 
224.0 
205.0 
315.5 
347.0 
359.0 
340.5 
Mean 
156.0 
174.5 
185.0 
207.0 
231.0 
246.5 
350.5 
366.5 
399.5 
N.B. : A uniform basal dose of 90 ky N, 30 ky P and 30 ky K/ha 
was applied as the time of sowiny. 
^^0^0 ^ "° fertiliser; Ca^^^S^^ = 40 ky Ca (32 ky S)/ha and 
^^60^48 '^ ^ ° "^y ^ ^ ^^ ® '^y S)/ha applied as yypsum; 03-3-2= 32 
ky S/ha and CagS^g = 40 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non_siynificant. ^ 
DAS 
CD.at 5% 
Ca 
Py 
CaxPy 
50 
11.60 
8.95 
N.S. 
70 
13.30 
10.30 
N.S. 
90 
17.45 
13.55 
N.S. 
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and sulphur and of pre-sowing seed soaking treatments was 
found significant on growth parameters at almost all stages. 
However, the interaction effect was not found significant on 
these parameters at any stage , except on RGR and NAR. 
4.6.1.1 Height per plant 
The effect of Ca as well as S application and pre-
sowing seed soaking treatment was found significant on this 
parameter at all stages (Table 96). 
Ca^QS22 being at par with CajQS-j^ g gave significant 
higher plant height at all stages. The effect of Ca^S,, and 
CaQS^2 ^^s at par. Significant lowest value was recorded 
in control (CaQSp). 
PYo proved best and the value differed critically 
with those of the other treatments. Significant lowest 
values was recorded in WS at all stages. 
4.6.1.2 Leaf area index 
The effect of basal application and of pre-sowing 
seed soaking treatment was found significant on this 
parameter at all stages (Table 97). 
At all growth stages, =^^ 40^ 32 (equalled by Ca_QS,g) 
gave significant maximum value. The value recorded in Ca_S,^ 
U lb 
and CaQS22 was also found statistically equal. The control 
(CaQSg) gave significant lowest value at all stages. 
PYj gave significant maximum value at all stages. 
Water-soaked (WS) control gave significant lowest value at 
all stages. 
 
 
 
 
 
  
 
 
 
Table 96 : Effect of basal calcium (Ca) and pre-sowlny seed 
treatment with pyridoxine (Py) on height/plant (cm) 
of wheat var. HD-2204 at different yrowth stayes. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
py^ 
^^2 
Mean 
WS 
PYl 
PY2 
Mean 
WS 
py^ 
py2 
Mean 
c^o^o 
46.8 
52.2 
53.9 
50.9 
63.8 
72.0 
73.3 
71.0 
67.9 
71.4 
72.8 
70.7 
Basal dose 
^^20^16 
56.3 
60.3 
66.2 
60.1 
68.2 
80.0 
85.6 
77.9 
78.4 
83.2 
85.9 
82.5 
50 
70 
90 
^^40^32 
DAS 
56.1 
61.8 
64.0 
60.6 
DAS 
68.4 
78.2 
85.0 
77.9 
DAS 
79.0 
83.0 
86.2 
82.7 
^^0^16 
52.8 
56.8 
60.2 
56.6 
65.8 
76.0 
82.8 
75.1 
74.8 
78.2 
82.4 
78.5 
^^0^32 
53.2 
57.4 
60.8 
57.1 
66.1 
76.2 
82.1 
74.5 
75.3 
79.4 
82.0 
78.9 
Mean 
53.0 
57.7 
61.0 
66.46 
76.48 
82.46 
75.1 
79.1 
81.9 
N.B. : A uniform basal dose of 120 ky N, 30 kg P and 50 kg K/ha 
was applied as the time of sowing. t 
CagSg = no fertiliser; Ca2QSj^ g = 20 kg Ca (16 kg S)/ha and 
^^40^32 "^  "*" ^'^ ^^ ^'^^ '^y S)/ha applied as gypsum; Ca.S. = 16 
kg S/ha and 03^5^2 = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-slynifleant. 
DAS 
CD.at 
Ca 
Py 
CaxPy 
5% 50 
2.05 
2.24 
N.S. 
70 
2.65 
2.36 
N.S. 
90 
3.2 
2.5 
N.S. 
 
 
 
 
 
  
 
 
 
Table 97 : Effect of basal calcium (Ca) and pre-sowintj seed 
treatment with pyridoxine (Py) on leaf area index 
(LAI) of wheat var. HD -2204 at different yrowth 
stayes. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
py, 
^^2 
Mean 
WS 
PYl 
py2 
Mean 
WS 
py. 
^^2 
Mean 
'^'oS 
0.82 
0.93 
0.96 
0.90 
1.65 
1.76 
1.81 
1.74 
1.71 
1.80 
1 .85 
1.78 
Basa 
^"20^16 
1.02 
1.09 
1.21 
1.11 
1.89 
1.92 
2.07 
1.96 
1.88 
1.93 
2.05 
1.95 
50 
70 
90 
1 dose 
^^40^32 
DAS 
1.06 
1.11 
1.24 
1.13 
DAS 
1.94 
1.95 
2.08 
1.99 
DAS 
1.90 
1.94 
2.06 
1.96 
^*0^16 
0.94 
1.02 
1.13 
1.03 
1 .78 
1.84 
1.95 
1.85 
1.80 
1.85 
1.97 
1.87 
^^0^32 
0.91 
1.03 
1.16 
1.03 
1.74 
1.86 
2.00 
1.87 
1.80 
1.88 
1.95 
1.87 
Mean 
0.95 
1.03 
1.14 
1.80 
1.86 
1.98 
1.81 
1.87 
1.97 
N.B. : A uniform basal dose of 120 ky N, 30 kg P and 50 ky K/ha 
was applied as the time of sowiny. 
Ca-Sp = no fertiliser; Ca^nS,, = 20 ky Ca (16 ky S)/ha and 
Ca-QS_2 = 40 ky Ca (32 kg S)/ha applied as yypsum; Ca_S,g= 16 
ky S/ha and Ca^s^j = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0,02% pyridoxine; Py = 0.04% 
pyridoxine;N.S. = Non-siynificant. 
DAS 
CD.at 5% 
Ca 
Py 
CaxPy 
50 
0.065 
0.050 
N.S. 
70 
0.078 
0.054 
N.S. 
90 
0.675 
0.060 
N.S. 
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4.6.1.3 Tiller number per plant 
The effect of Ca and S application and of pre-sowing 
seed soaking treatment was found to be significant on this 
parameter at all stages (Table 98). 
Ca.QS,- (equalled by Ca2QS-,g) gave significant higher 
value at all stages. Treatments Ca^ S-ig and CaQS22 also 
showed equal effect on this parameter. Control (Caj^ S^ ) gave 
significant lowest value. 
It was observed that PYj gave significant higher 
value than the rest of the treatments at all stages. Water 
soaked control (WS) proved significantly poorest for tiller 
production. 
4.6.1.4 Fresh weight per plant 
The effect of basal application and of pre-sowing 
seed soaking treatment was found to be significant on this 
parameter at all stages (Table 99). 
Ca^QS22» being at par with Ca2QSj^ g, gave significant 
higher value than the other treatments at all stages. The 
effect of CaQS,g and CaQS22 was also at par. Significant 
lowest value was recorded in the control (Ca^S-.). 
Significant maximum fresh weight per plant was 
recorded in PY2. The water-soaked control (WS) gave 
significant lowest value. 
4.6.1.5 Dry weight per plant 
The effect of basal application and of pre-sowing 
 
 
 
 
 
  
 
 
 
Table 98: Effect of basal calcium (Ca) and pre-sowiny seed 
treatment with pyridoxine (Py) on tiller number/ 
plant of wheat var. Hr)-2204 at different yrowth 
stayes. 
(rieans of three replicates) 
Soakiny 
treatments 
Basal dose 
^^0^0 ^^20^16 ^^40^32 ^^0^16 ^^0^32 "^^" 
ws 
py2 
Mean 
WS 
PYl 
^^2 
Mean 
WS 
py^ 
^^2 
Mean 
3.90 
5.08 
6.16 
5.05 
4.55 
6.06 
7.42 
6.01 
4.53 
6.15 
7.45 
6.04 
4.74 
5.92 
6.61 
5.76 
5.73 
7.45 
8.33 
7.17 
5.82 
7.39 
8.21 
7.14 
50 
70 
90 
DAS 
4.81 
5.95 
6.58 
5.78 
DAS 
5.96 
7.53 
8.21 
7.23 
DAS 
5.80 
7.52 
8.26 
7.19 
4.41 
5.61 
6.39 
5.47 
5.26 
6.72 
7.81 
6.60 
5.25 
6.76 
7.99 
6.67 
4.38 
5.69 
6.44 
5.50 
5.15 
6.69 
7.96 
6.60 
5.21 
6.78 
7.87 
6.62 
4.45 
5.65 
6.44 
5.33 
6.89 
7.95 
5.32 
6.92 
7.96 
N.B. I A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
CBQSQ = no fertiliser; Ca-gSj^ g = 20 ky Ca (16 ky S)/ha and 
CB^QS^J = 40 kg Ca (32 ky S)/ha applied as gypsum; CaQS,g= 16 
ky S/ha and CaQS22 = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py^ = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-significant. 
DAS 
CD.at 
Ca 
Py 
CaxPy 
5% 50 
0.196 
0.152 
N.S. 
70 
0.236 
0.183 
N.S. 
90 
0.223 
0.173 
N.S. 
 
 
 
 
 
  
 
 
 
Table99 : Effect of basal calcium (Ca) and pre - sowing seed 
treatment with pyridoxine (Py) on fresh weiyht/plant 
(y) of wheat var. HD - 2204 at different yrowth 
stayes. 
(Means of three replicates) 
Soakiny 
treatments 
Basal dose 
Ca^S„ CajpS^^ C^A0^32 ^^0^16 ^^0^32 "^^" 
ws 
Mean 
WS 
Mean 
WS 
py^ 
Mean 
1 1 . 2 4 
1 4 . 2 4 
1 5 . 1 1 
1 3 . 5 3 
1 8 . 0 8 
2 2 . 5 6 
2 5 . 1 8 
2 1 . 9 4 
2 0 . 6 2 
2 7 . 3 1 
3 3 . 2 4 
2 7 . 0 6 
1 6 . 3 8 
1 7 . 5 9 
1 9 . 3 6 
1 7 . 7 8 
2 7 . 4 0 
3 0 . 8 3 
3 4 . 9 1 
3 1 . 0 5 
3 3 . 7 8 
3 8 . 9 9 
4 8 . 1 2 
4 0 . 3 0 
50 DAS 
1 6 . 0 2 
1 7 . 8 8 
1 9 . 7 0 
1 7 . 8 7 
70 DAS 
2 7 . 5 1 
3 1 . 7 4 
3 5 . 1 4 
3 1 . 4 6 
90 DAS 
3 5 . 4 3 
4 0 . 6 5 
4 8 . 2 7 
4 1 . 4 5 
1 3 . 6 2 
1 6 . 7 7 
1 7 . 6 5 
1 6 . 0 1 
2 2 . 2 7 
2 7 . 7 0 
2 9 . 9 4 
2 6 . 6 4 
2 6 . 2 7 
3 1 . 6 5 
3 9 . 8 4 
3 2 . 5 9 
1 4 . 0 4 
1 6 . 9 7 
1 8 . 1 9 
1 6 . 4 0 
2 3 . 5 5 
2 6 . 4 7 
3 1 . 3 2 
2 7 . 1 1 
2 5 . 4 3 
3 3 . 0 4 
3 8 . 0 4 
3 2 . 1 7 
1 4 , 
1 6 . 
1 8 . 
2 3 , 
2 7 , 
3 1 , 
2 8 , 
3 4 . 
4 1 . 
. 2 6 
. 6 9 
. 0 0 
. 7 6 
. 8 6 
. 3 0 
. 3 1 
, 3 3 
, 5 0 
N.B. I A uniform basal dose of 120 kg N, 30 kg P and 50 ky K/ha 
was applied as the time of sowing. 
CagSQ = no fertiliser; Ca-gS,, = 20 kg Ca (16 kg G)/ha and 
CB^QS^J - ''0 '^'d Ca (32 ky S)/ha applied as gypsum; CaQSj^ g= 16 
ky S/ha and Ca^S,- = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py^ ^ = 0.02% pyridoxine; Py„ = 0.04% 
pyridoxine;N.S. = Non-significant. 
CaxPy N.S. 
DAS 
C D . a t 5% 
Ca 
Py 
50 
0 . 4 1 
0 . 3 1 
70 
1.44 
1 .11 
90 
1.70 
1 .30 
N.S. N.S. 
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seed soaking treatment was found to be significant on this 
parameter at all stages (Table 100). 
Maximum dry weight was found in C^AQ^22' however, at 
50 and 70 DAS, the value was equalled by Ca-_S.,. Treatments 
Ca^S,^ and Ca^S-^ showed equal effect on this parameter and 
U lb U j2 
control (Ca_Sp) gave significant lowest value at all stages. 
PY- produced significant maximum dry matter. The 
water-soaked control (WS) gave significant lowest value. 
4.6.1.6 Crop growth rate (CX3R) 
The effect of basal application and of pre-sowing 
seed soaking treatment was found significant on this 
parameter at both growth intervals (Table 101). 
At both intervals (50-70 and 70-90 DAS), Ca^gS^j/ 
being at • par with Ca_QS,g, gave significant higher value 
than the other nutrient treatments. The values recorded in 
Ca^S.g and Ca^S-j were also at par and the significant 
lowest value was recorded in the control (Ca^Sj.). 
CGR increased significantly upto PY-' 
4.6.1.7 Relative growth rate (RGR) 
The effect of nutrient treatments and of pyridoxine 
treatments was found significant at both intervals. The 
interaction effect was found significant only at 70-90 DAS 
interval (Table 102). 
At both intervals, Ca^^S^j and CajQSj^ g showing equal 
effect gave significant higher value than the rest of the 
 
 
 
 
 
  
 
 
 
Table 100; E f f e c t of b a s a l ca lc ium (Ca) and p r e - s o w i n g seed 
t r e a t m e n t wi th py r idox ine (Py) on dry weight/ plant 
(y) of wheat v a r . HD-2204 a t d i f f e r e n t growth 
s t a g e s . 
(Means of three replicates) 
Soaking 
treatments 
WS 
py^ 
py2 
Mean 
WS 
py^ 
py2 
Mean 
WS 
py^ 
^^2 
Mean 
^^0^0 
3.029 
3.632 
4.164 
3.608 
5.495 
6.795 
8.044 
6.778 
9.130 
12.460 
14.580 
12.060 
Basal dose 
^^20^16 
4.211 
4.685 
5.108 
4.668 
8.083 
8.299 
10.741 
9.408 
14.660 
17.220 
21.290 
17.720 
50 
70 
90 
^^40^32 
DAS 
4.278 
4.731 
5.063 
4.691 
DAS 
8.466 
9.399 
10.612 
9.527 
DAS 
15.340 
17.630 
21.550 
18.170 
"^^0^16 
3.700 
4.118 
4.594 
4.137 
7.004 
7.960 
9.019 
7.994 
12.169 
13.870 
17.100 
14.380 
^^0^32 
3.665 
4.265 
4.663 
4.198 
6.949 
8.299 
9.214 
8.154 
12.170 
14.890 
17.350 
14.860 
Mean 
3.777 
4.286 
4.718 
7.199 
8.391 
9.526 
12.692 
15.214 
18.412 
N.B. ; A uniform basal dose of 120 kg N, 30 kg P and 50 kg K/ha 
was aiJiilicd as the time of sowing. 
CapSQ = no fertiliser; Ca2oSj^ g ^ 20 kg Ca (16 kg S)/ha and 
Ca^pS^j = 10 kg Ca (32 kg S)/ha applied as gypsum; CaQSj^ g= 16 
kg S/ha and Ca^S^j = 32 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py = 0.04% 
pyridoxine;N.S. = Non-significant. 
PAf 
C.I).at: 5'4 50 70 90 
Ca 0.118 0.279 0.437 
Py 0.091 0.216 0.338 
CaxPy N.S. N.S. N.S. 
 
 
 
 
 
  
 
 
 
TablelOl: Effect of basal calcium (Ca) and pre-sowiny seed 
Iro.UinonL with i)yr1(loxlno (Py^ on crop yrowth rato 
(CGR) (y/m2/daY) of wheat var. HD-2204 at different 
yrov7th interval. 
(Means of three replicates) 
Soakiny 
treatments 
WS . 
py^ 
py2 
Mean 
^^0^0 
6.17 
7.91 
9.70 
7.93 
Basal dose 
^^20^16 
50-
9.68 
11.79 
14.08 
11.85 
^^40^32 
-70 DAS 
10.01 
11.93 
13.87 
11.94 
^^0^16 
8.26 
9.61 
11.06 
9.64 
CaQS32 
8.21 
10.09 
11.38 
9.89 
Mean 
8.47 
10.27 
12.02 
VIS 
py, 
py2 
Mean 
9.08 
14.19 
16.34 
13.20 
70-90 DAS 
16.19 17.69 12.89 13.05 13.78 
19.56 20.32 15.93 16.47 17.26 
16.37 27.35 20.20 20.79 22.21 
20.71 21.79 16.34 16.77 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
CapSQ = no fertiliser; Ca-gSj^ g = 20 ky Ca (16 ky S)/ha and 
Ca^QS^2 - 40 l^y Ca (32 ky S)/ha applied as yypsum; Ca„S^ ^= 16 
ky S/ha and CaQS22 ~ ^^ ^^ ^ '^ ^^  applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-significant. 
CD.at 5% 
Ca 
Py 
CaxPy 
50-70 
0.842 
0.652 
N.S. 
DAS 
70-90 
2.35 
1.82 
N.S. 
 
 
 
 
 
  
 
 
 
Table 1 0 2 : Effect of basal calcium (Ca) and pre -sowiny seed 
treatment with pyridoxine (Py) on relative yrowth 
rate ( RGR-) (my/g/day) of wheat var. H D - 2 2 0 4 at 
different yrowth interval. 
(Means of three replicates) 
Soakiny Basal dose 
treatments 
^^0^0 ^^20^16 ^^40^32 ^^0^16 ^^0^32 "^^" 
50-70 HAS 
WS 29.78 33.60 34.13 31.91 31.99 32.82 
Py^ 31.32 34.81 34.88 32.95 33.28 33.45 
Py2 32.92 37.24 37.00 33.73 34.05 34.99 
Mean 31.34 35.21 35.34 32.86 33.11 
70-90 DAS 
WS 25.37 29.43 30.37 27.58 28.01 28.15 
PYJ^ 30.35 30.27 30.89 29.76 29.21 30.10 
PY2 29.73 34.20 35.42 31.99 32.16 32.70 
Mean 28.48 31.30 32.22 29.77 29.69 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
CagSg = no fertiliser; Ca2QSj^g = 20 ky Ca (16 ky S)/ha and 
^"40^32 ~ ^° ^y ^^ '^^ '^ y S)/ha applied as yypsum; CaQS,g= 16 
ky S/ha and CaQS22 = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py. = 0.04% 
pyridoxine;N.S. ^ Non-significant. ^ 
DAS 
CD.at 5% 
Ca 
Py 
CaxPy 
50-70 
1.634 
1.265 
N.S. 
70-90 
1.157 
0.896 
1.967 
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treatments at all stages. The effect of CagS^g and CaQS22 
was also found statistically equal on this parameter. 
The control (Ca^ S^Q) proved at par with CaQS,g at the 50-70 
DAS interval and gave significantly lower value in 
comparison to the other treatments. At the 70-90 DAS 
interval its lowest effect was critically different compared 
with that of all other treatments. 
A gradual significant increase in RGR noted at both 
intervals as the concentration of pyridoxine was increased. 
However, WS and PY^ w^ere at par with each other at the 50-70 
DAS interval. 
Regarding interaction effect, at 70-90 DAS interval 
Ca.f.S^ p X PYj, equalled by Ca-QS,^ x PY, gave maximum RGR 
and the value differed significantly with those for the rest 
of the interactions. Ca^Sg x WS (equalled by CaQS,g x WS) 
showed significant lowest effect. 
4.6.1.8 Net assimilation rate (NAR) 
The effect of nutrient treatments and pre-sowing seed 
soaking treatments and of their interaction was found 
significant on this parameter at both growth intervals 
(Table 103). 
At both intervals, 0340832 and Ca2oS^g (having equal 
effect) gave significant higher value than the other 
treatments. Ca^ Sj^ g and CapS-, also showed equal effect. 
Significant lowest value was recorded in the control (03^ .8-.). 
 
 
 
 
 
  
 
 
 
Table 103: Effect of basal calcium (Ca) and pre_sowiny seed 
treatment with pyridoxine (Py) on net assimilation 
rate (NAR) (y/ni2 /day) of wheat var. HO -2204 at 
different yrowth interval. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
py^ 
py2 
Mean 
WS 
P^l 
^^2 
Mean 
^^0^0 
5.20 
6.02 
7.05 
6.19 
7.41 
8.72 
9.14 
B.42 
^^20-
6.88 
8.03 
8.85 
7.92 
10.81 
11.96 
12.08 
11.61 
Bas 
'16 
50-
70-
lal dose 
^^40^32 
•70 DAS 
6.97 
8.04 
8.87 
7.89 
-90 DAS 
10.96 
12.10 
12.15 
11.73 
^^0^16 
6.26 
6.80 
7.52 
6.79 
8.99 
9.68 
10.16 
9.61 
^^0^32 
6.29 
7.14 
7.50 
6.98 
9.02 
9.54 
10.24 
9.60 
Mean 
6.32 
7.19 
7.92 
9.44 
10.40 
10.74 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
Ca^SQ = no fertiliser; ^^20^16 ~ ^^ ^'^ ^^ •^''^  '^^ S)/ha and 
Ca.-jS,, = 40 ky Ca (32 ky S)/ha applied as yypsum; Ca_S,g= 16 
ky S/ha and Ca^S-- = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py» = 0.04% 
pyridoxine;N.S. = Non-significant. 
DAS 
CD.at 5% 
Ca 
py 
CaxPy 
50-70 
0.408 
0.316 
0.707 
70-90 
0.727 
0.563 
1.263 
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Maximum NA.R was recorded in PY^ at both stages. 
But at 70-90 DAS interval it was equalled by PY,. The water-
soaked control (WS) gave significant lowest value at both 
intervals. 
CaAQS^2 ^ ^^2' ^®^"9 ^^ P^^ with ^^^Q^^I ^ ^^1' 9^ ®^ 
significant higher value 'than the other interactions. 
However, at the later interval, the value was also equalled 
by Ca^pS,^ X PY,. Significant lowest value was recorded in 
Ca^ S^Q X WS at both intervals. 
4.6.2 Yield and quality characteristics 
Yield parameters (ear number per plant, ear length, 
spikelet number per ear, grain number per ear, 1,000 grain 
weight, straw yield, grain yield, harvest index, seed 
protein and carbohydrate contents and their yield ) were 
studied at harvest. 
4.6.2.1 Ear number per plant 
The effect of basal treatment and of seed soaking was 
found significant on this parameter (Table 104). 
^^40^32 (equalled by =^^ 20^ 16^  gave significant 
maximum value. The value recorded for Ca^S,_ and Caj.S^ _ was 
found statistically equal. The control (Caj«S«) gave 
significant lowest value. 
Significant higher ear number per plant was recorded 
in PY,. The water-soaked control (WS) gave significant 
lowest value. 
 
 
 
 
 
  
 
 
 
ws 
PYl 
py2 
Mean 
2.58 
2.90 
3.56 
3.01 
3.03 
3.32 
3.89 
3.41 
3.116 
3.396 
3.932 
Table 104: Effect of basal calcium (Ca) and pre-sowinij seed 
treatment with pyridoxine (Py) on yield parameters 
of v;hoat var. nn-2204. 
(Means of three replicates) 
Soakiny Basal dose 
treatments 
'^ O^^ O ^^20^16 "^^40^32 ^^0^16 ^^0^32 "®^" 
Ear number per plant 
3.46 3.52 2.99 
3.80 3.81 3.15 
4.19 4.21 3.81 
3.82 3.85 3.52 
Ear length per ear (cm) 
10.07 10.11 9.68 9.71 9.742 
10.82 10.90 10.12 10.15 10.310 
11.10 11.02 10.73 10.66 10.700 
10.66 10.68 10.14 10.17 
Spikelet number per ear 
23.0 23.2 21.8 
26.1 25.8 22.6 
28.1 28.6 25.0 
25.7 25.9 23.1 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
Ca^SQ = no fertiliser; Ca2QS^g = 20 ky Ca (16 ky S)/ha and 
^^40^32 ^ '*° ^"^ ^^ ^^^ ^'^ S)/ha applied as gypsum; Ca-S = 16 
ky S/ha and CaQS22 = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py, = 0.04% 
pyridoxine;N.S. = Non-significant. 
C D . at 5% 
Ear number Ear lenyth Spikelet number 
WS 
pyi 
^^2 
Mean 
9.14 
9.66 
10.00 
9.60 
WS 
py^ 
^^2 
Mean 
19.6 
21.1 
23.6 
21.4 
21.5 
22.9 
25.2 
23.2 
21.82 
23.70 
26.10 
Ca 
Py 
CaxPy 
pe r plant 
0.101 
0.079 
N.S. 
per ear 
0.463 
0.358 
N.S. 
pe rear 
1.253 
0,970 
N.S. 
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4.6.2.2 Ear length 
Basal application and pre-sowing seed soaking 
treatment had significant effect on this parameter 
(Table 104). 
^^40^32' ^^^^'3 ^^ P^^ with Ca2QS,g, gave significant 
longer ears than the other treatments. The effect of CapS.g 
and Ca^S-p was also at par. Significant lowest value was 
recorded in control (CaQSp). py2 gave the highest and WS, 
the lowest value for this parameter. 
4.6.2.3 Spikelet number per ear 
The effect of basal application and of pre-sowing 
seed soaking treatments was found significant on this 
parameters (Table 104). 
^^40^32 (equalled by Ca^nS,,) gave significant 
maximum spikelet number per ear. Ca^S^g and Ca^S^j also 
showed equal effect. The control (Caj^ S,.) proved signifi-
cantly least effective. 
PYp gave significant maximum spikelet number per 
ear, whereas the water-soaked control (WS) gave significant 
lowest value. 
4.6.2.4 Grain number per ear 
The effect of Ca and S application and of pre-sowing 
seed soaking treatment was found significant on this 
parameter (Table 105). 
Regarding basal treatments, Ca.QS-2 (being at par 
 
 
 
 
 
  
 
 
 
TablelOS : Effect of basal calcium (Ca) and pre-sowiny seed 
treatment with pyridoxine (Py) on yield parameters 
of wheat var. HD-2204. 
(Means of three replicates) 
Soakiny Basal dose 
treatments ^ 
C^O^O ^^20^16 ^^40^32 ^^0^16 ^^0^32 "^^" 
Grain number per ear 
WS 34.2 42.9 43.0 38.9 39.2 39.6 
Py 45.8 54.2 56.0 50.6 51.0 51.5 
Py 48.4 60.8 59.4 56.2 56.8 56.3 
Mean 42.8 52.6 52.8 48.5 49.0 
1,000 grain weight (y) 
WS 43.7 43.2 41.1 44.7 43.6 43.9 
Py 43.9 43.8 44.7 44.5 43.8 44.2 
Py 45.1 43.6 45.1 43.8 44.9 44.5 
Mean 44.2 43.5 44.6 44.3 44.1 
Straw yield (q/ha) 
WS 40.3 43.8 43.9 42.0 41.8 42.4 
Py 42.6 45.2 45.6 43.5 44.0 44.7 
Py 44.3 46.6 46.3 45.2 45.3 45.5 
Mean 42.4 45.2 45.3 43.6 43.7 
N.B. : A uniform basal dose of 120 kg N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
CapSQ = no fertiliser; Ca2oSj^g = 20 ky Ca (16 ky S)/ha and 
^*40^32 " ^° '^ y "^ ^ ^^^ '^ y S)/ha applied as gypsum,- Ca-S,g= 16 
ky S/ha and CaQS22 ~ "^ ^ '^ ^ S/ha applied as ammonium sulphate 
WS = Water-soaked; Py^ = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-siynificant. 
Straw yield 
1.191 
0.923 
N.S. 
Ca 
Py 
CaxPy 
Grain number 
por plant 
1.618 
1 .253 
N.S. 
C D . at 5% 
1,000 grain 
weight 
N.S. 
N.S. 
N.S. 
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with CajpS^g) gave significant higher grain number per ear 
than the other treatments. The effect of Ca^S^g and Ca^S^j 
was also at par. Significant lowest value was recorded in 
the control (Ca_S_). 
PYo gave significant maximum value of grain number 
per ear. Water-soaked control (WS) gave significant lowest 
value. 
4.6.2.5 1,000 grain weight 
The effect of all the treatments was found to be non-
significant on this parameter (Table 105). 
4.6.2.6 Straw yield 
The effect of basal application and of pre-sowing 
seed soaking treatment was found to be significant on this 
parameter (Table 105). 
^^40^32 (equalled by ^^20^16^ gave significant 
maximum value. The value recorded for Ca_S-^ and Ca-S__ was 
U Xb U 52. 
also found statistically equal. The control (Ca^ S^ .) gave 
significant lowest value. 
Seed soaking treatment PYj proved best and the value 
differed critically from those for the rest of the 
treatments. Significant lowest value was given by the water 
soaked control (WS). 
4.6.2.7 Seed yield 
The effect of Ca and S application and of pre-sowing 
seed soaking treatments was found to be significant on this 
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parameter (Table 106). 
Regarding basal treatments, Ca4QS22 being at par with 
Ca,f.S,-.) gave significant maximum seed yield- CagS,, and 
Ca^S-- also showed equal effect on this characteristic . 
Significant lowest grain yield was given by the control 
(CapSQ). 
py^ gave significant maximum seed yield. On the other 
hand, water-soaked control (WS) gave significant lowest 
value. 
4.6.2.8 Harvest index 
The effect of the basal application of Ca and S and 
of pre-sowing seed soaking treatments as well as their 
interaction did not affect this parameter significantly 
(Table 106). 
4.6.2.9 Grain protein content 
The effect of Ca and S application and of pre-sowing 
seed soaking treatment and their interaction was not found 
to be significant on this parameter also (Table 107). 
4.6.2.10 Grain protein yield 
The effect of the application of Ca and S and of 
pre-sowing seed soaking treatment was found significant on 
this parameter (Table 107). 
Ca20^16' being at par with Ca-gS^,* gave significant 
higher protein yield than the other treatments. The effect 
of Ca^ Sj^ g and Ca^S^j was also at par. Significant lowest 
 
 
 
 
 
  
 
 
 
Table 106 : Effect of basal calcium (Ca) and pre-sowiny seed 
treatment with pyridoxine (Py) on yield parameters 
of wheat var. HD-2204. 
(Means of three replicates) 
Soakiny 
treatments 
WS 
PYl 
py2 
Mean 
^^0^0 
23.8 
28.3 
30.2 
27.4 
Basal dose 
^^20^16 "^^40^32 
Grain 
33.9 
38.6 
40.5 
37.7 
yield (q/ha 
34.1 
38.9 
40.3 
37.8 
^^0^16 
) 
27.5 
32.7 
34.5 
31.7 
^^^0^32 
27.7 
32.9 
34.2 
31.6 
Mean 
29.4 
34.3 
35.9 
WS 
PVl 
^^2 
Mean 
44.2 
43.3 
43.8 
43.8 
Harvest index (%) 
44.1 43.8 43.7 44.4 44.0 
43.4 44.7 44.6 43.9 44.0 
43.1 44.9 44.2 44.2 44.1 
43.6 44.5 44.1 44.1 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
V(?as applied as the time of sowiny. 
Ca^SQ = no fertiliser; Ca-gS^g = 20 ky Ca (16 ky S)/ha and 
"^ 4^0^ 32 "^  ^^ '^y ^ ^ ^^^ '^y S)/ha applied as gypsum; CaQS.g= 16 
ky S/ha and Ca^S^^ = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-siynificant. ^ 
CD. at 5% 
Grain yield Harvest index 
N.S. 
N.S. 
N.S. 
Ca 
Py 
CaxPy 
1.10 
0.85 
N.S. 
 
 
 
 
 
  
 
 
 
T a b l e 107 : E f f e c t of b a s a l c a l c i u m (Ca) and p r e - s o w i n y s e e d 
l i . Mtinont v\/ith p y r i d o x i n e (Py) on y r a i n p r o t e i n 
cuiiLoiit ( i ) and p r o t e i n y i e l d ( q / h a ) of whea t v a r . 
l l l ) -2204. 
(Moans of throe replicates) 
Soakiny 
treatments 
WS 
pyj. 
^^2 
Mean 
^^0^0 
21.8 
21.4 
20.4 
21.2 
Basal dose 
^^20^16 ^^40^32 
Grain protein content 
22.7 20.5 
21.8 22.1 
21.6 22.6 
22.0 21.7 
^^0^16 
{%) 
20.7 
22.1 
21.5 
21.4 
^^0^32 
21.3 
20.9 
22.8 
21.7 
Mean 
21.4 
21.7 
21.8 
WS 
PYl 
py2 
Mean 
Protein yield (4/ha) 
6.93 7.69 6.99 6.73 
7.55 8.20 8.38 8.11 
7.59 8.53 8.88 8.28 
7.36 8.15 8.05 7.68 
6.97 
7.71 
8.71 
7.80 
7.06 
8.00 
8.56 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
^^0^0 ^ "° fertiliser; CajpSj^ g = 20 ky Ca (16 ky S)/ha and 
^^40^32 "^  ^ ° ^'^ ^^ ^^^ '^y S)/ha applied as yypsum; Ca.Sj^  = 16 
ky S/ha and CagS^j = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-significant. •^ 
Ca 
Py 
CaxPy 
CD. 
Grain protein 
content 
N.S. 
N.S. 
N.S. 
at 5% 
Protein yield 
0.24 
0.19 
N.S. 
 
 
 
 
 
  
 
 
 
137 
value was recorded in the control (CaQSQ). 
Seed soaking treatment PY- proved best and the value 
differed critically from that of the other soaking 
treatments. Significant lowest values was recorded in the 
water soaked control (WS). 
4.6.2.11. Grain carbohydrate content 
This attribute was also not significantly affected by 
any of the treatments (Table 108). 
4.6.2.12. Grain carbohydrate yield 
The effect of Ca and S application and of pre sowing 
seed soaking treatment was found significant on this 
parameter (Table 108). 
Ca^ -.S,g (equalled by Ca-^S^j^ gave significant maximum 
value. The value recorded for Ca^S,, and Ca^S^- ^^^ also 
found statistically equal. The controal (Ca-SQ) gave 
significant lowest value. 
Pyridoxine treatments PY« gave significant maximum 
value for this parameter. The water soaked control (WS) 
showed significant poorest effect. 
4.6.3. Biochemical and chemical parameters 
4.6.3.1. Nitrate reductase activity (NRA) 
Only the effect of pre sowing seed soaking treatment 
was found to be significant on this parameter. Maximum NRA 
was found inPY2 ai^ d the value was significantly higher than 
those for the other soaking treatment at all stages, except 
at 90 DAS where it was statistically equal to that for PY, . On 
the other hand, the control (WS) gave significant lowest 
value at all stages (Table 109). 
 
 
 
 
 
  
 
 
 
Table 108: Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on grain carbohydrate 
content (%) and carbohydrate yield (q/ha) of wheat 
var. Hr)-2204. 
(Means of three replicates) 
Soaking 
treatments 
WS 
PYl 
py2 
Mean 
'^ '^ O^ O 
Grain 
69.3 
70.4 
69.5 
69.7 
Basal dose 
^^20^16 ^^40^32 ^^^0^16 
carbohydrate content (%) 
71.9 69.2 
69.1 71.3 
71.8 71.5 
70.9 70.7 
70.3 
69.4 
71.2 
70.3 
^^0^32 
69.4 
71.3 
70.4 
70.4 
Mean 
70.0 
70.3 
70.9 
WS 
PYl 
py2 
Mean 
22.0 
24.9 
25.9 
24.2 
Carbohydrate yield (q/ha) 
24.4 23.6 22.9 22.7 23.1 
26.0 27.0 25.5 26.3 26.0 
28.4 28.0 27.4 27.0 27.3 
26.3 26.2 25.2 25.2 
N.B. : h uniform basal dose of 120 kg N, 30 kg P and 50 kg K/ha 
was applied as the time of sowing. 
CagSQ = no fertiliser; Ca2oSi5 = 20 kg Ca (16 kg S)/ha and 
Ca4oS32 ~ ^'^ '^ S Ca (32 kg S)/ha applied as gypsum; CaQSjg= 16 
kg S/ha and CaQS32 = 32 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Pyj^  = 0.02% pyridoxine; Py2 = 0.04% 
pyridoxine; N.R. = Non-significant. 
C D . at 5% 
Grain carbohydrate Carbohydrate 
content yield " ^ 
0.71 
0.59 
N.S. 
Ca 
Py 
CaxPy 
N.S. 
N.S. 
N.S. 
 
 
 
 
 
  
 
 
 
Table 109: Effect of basal calcium (Ca) and pre-sowiny seed 
treatment with pyridoxine (Py) on the nitrate 
L-c(]nctaao activity in leaf (>i mol NO2 /y/h) of wheat 
var. Hn-2204 at different yrowth stayes. 
(Means of three replicates) 
Soakiny Basal dose 
treatments 
^^0^0 ^^20^16 ^^40^32 ^^0^16 ^^0^32 "«^" 
ws 
Mean 
WS 
Mean 
WS 
py^ 
^^2 
Mean 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
^^0^0 " "° fertiliser; CB^QS^^ = 20 ky Ca (16 ky S)/ha and 
^^ 4^0^ 32 "^  ^ ° "^y "-^  ^^^ '^y S)/ha applied as yypsum; CaQS,g= 16 
ky S/ha and CaQS22 = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine;N.S. = Non-significant. ^ 
0 . 5 8 6 
0 . 6 3 6 
0 . 6 6 9 
0 . 6 3 1 
0 . 5 1 2 
0 . 5 5 2 
0 . 5 9 2 
0 . 5 5 2 
0 . 4 6 9 
0 . 4 9 4 
0 . 5 1 3 
0 . 4 9 2 
0 . 5 7 9 
0 . 6 3 1 
0 . 6 7 1 
0 . 6 2 7 
0 . 5 1 2 
0 . 5 5 3 
0 . 5 9 2 
0 . 5 5 2 
0 . 4 7 6 
0 . 4 9 3 
0 . 5 0 8 
0 . 4 9 2 
50 
70 
9 0 
DAS 
0 . 5 7 1 
0 . 6 3 2 
0 . 6 6 6 
0 . 6 2 3 
DAS 
0 . 5 0 6 
0 . 5 6 2 
0 . 5 8 9 
0 . 5 5 2 
DAS 
0 . 4 6 3 
0 . 4 8 8 
0 . 5 1 6 
0 . 4 8 9 
0 . 5 7 6 
0 . 6 2 8 
0 . 6 5 2 
0 . 6 1 9 
0 . 5 0 4 
0 . 5 4 6 
0 . 5 8 5 
0 . 5 4 5 
0 . 4 5 8 
0 . 4 9 1 
0 . 5 0 9 
0 . 4 8 6 
0 . 5 8 2 
0 . 6 4 6 
0 . 6 6 6 
0 . 6 3 1 
0 . 5 2 9 
0 . 5 6 5 
0 . 6 0 3 
0 . 5 6 6 
0 . 4 6 5 
0 . 5 0 9 
0 . 5 2 2 
0 . 4 9 9 
0 . 5 7 9 
0 . 6 3 5 
0 . 6 6 5 
0 . 5 1 3 
0 . 5 5 6 
0 . 5 9 2 
0 . 4 6 6 
0 . 4 9 5 
0 . 5 1 4 
CD.at 5% 50 70 90 
Ca N.S. N.S. N.S. 
Py 0.023 0.021 0.024 
CaxPy N.S. N.S. N.S. 
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4.6.3.2 N, P, K and Ca status of plants 
4.6.3.2.1 Nitrogen status 
The effect of basal application and of pre-sowing 
seed soaking treatment was found significant on this 
parameter at all stages (Table 110). The interaction effect 
was not significant at any stage. 
^^40^32 (equalled by ^^ 20*^ 16^  gave significant 
maximum value at all stages. The value recorded in Ca-jS-g 
and Ca-.S^^ was found statistically equal. The control 
(Ca^ Sp.) gave the significant lowest value at all stages. 
PY2 gave significant maximum value which differed 
critically with those of all other treatments. The water-
soaked control (WS) gave significant lowest value at all 
stages. 
4.6.3.2.2 Phosphorus status 
The effect of basal application and of pre-sowing 
seed soaking treatment was found to be significant at all 
three stages. However, the effect of interaction was 
significant only at the 90 DAS stage (Table 111). 
^^20^16' ^®^"9 ^^ P^^ with Ca.gS^j showed significant 
higher P status than the other treatments at all stage of 
sampling. The effect of Ca^ Sj^ g and CapS^j was also at par. 
Significant lowest value was recorded in the control (Caj^S-). 
PY^ proved best and its effect differed critically 
with that of the other soaking treatments. On the other hand 
 
 
 
 
 
  
 
 
 
Table 110: Effect of basal calcium (Ca) and pre- sowiny seed 
treatment with pyridoxine (Py) on nitrogen status 
(my/plant) of wheat var. HD-2204 at different yrowth 
stages. 
(Means of three replicates) 
Soakiny Basal dose 
treatments _____^ 
^^0^0 ^^20^16 ^^40^32 ^^ 0^^ 16 ^^0^32 "^^" 
ws 
pyi 
Mean 
WS 
py2 
Mean 
WS 
PYl 
^^2 
Mean 
N.B. : A uniform basal dose of 120 kg N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
CagSp = no fertiliser; CajoS^ j^ g = 20 ky Ca (16 ky S)/ha and 
^^40^32 "^  ^ ° '^y '"^ "^^ ^ ^^ S)/ha applied as gypsum; CaQS^g= 16 
kg S/ha and Ca^S^j = 32 kg S/ha applied as ammonium sulphate 
WS = Water-soaked; Py. = 0.02% pyridoxine; Py„ = 0.04% 
pyridoxine;N.S. = Non-significant. 
HAS 
91 
118 
142 
117 
141 
188 
228 
186 
183 
297 
338 
273 
141 
165 
188 
165 
234 
281 
327 
281 
362 
415 
545 
441 
50 
70 
90 
DAS 
145 
170 
185 
167 
DAS 
239 
290 
319 
283 
DAS 
380 
423 
550 
451 
110 
142 
161 
138 
193 
237 
208 
233 
277 
327 
426 
343 
114 
146 
164 
141 
190 
233 
271 
231 
281 
347 
429 
352 
120 
148 
168 
199 
246 
283 
297 
362 
458 
CD.at 5% 
Ca 
Py 
CaxPy 
50 
11.8 
9.7 
N.S. 
70 
16.5 
12.8 
N.S. 
90 
24.3 
18.8 
N.S. 
 
 
 
 
 
  
 
 
 
Table 111: Effect of basal calcium (Ca) and pre- sowiny seed 
treatment with pyridoxine (Py) on phosphorus status 
(my/plant) of wheat var. HD-2204 at different yrowth 
stayes. 
(Moans of three replicates) 
Soakiny 
trcatmonta 
ws 
PYl 
^^2 
Mean 
WS 
pyi 
Py2 
Mean 
WS 
PYl 
^^2 
Mean 
cao^o 
9.2 
11.0 
12.0 
10.7 
17.5 
20.8 
22.4 
20.3 
28.4 
30.2 
33.8 
30.8 
Basa 
^^20^16 
12.8 
14.4 
15.3 
14.1 
23.6 
28.9 
30.7 
27.7 
38.2 
43.9 
51.7 
44.6 
50 
70 
90 
1 dose 
^^40^32 
DAS 
12.7 
14,2 
15.0 
14.0 
DAS 
24.1 
29.1 
31.0 
28.1 
DAS 
37.8 
44.3 
51.0 
44.4 
*^ 0^^ 16 
11.1 
12.8 
13.8 
12.3 
20.6 
23.6 
25.1 
23.1 
34.7 
36.8 
40.3 
37.3 
^^0^32 
10.9 
12.1 
13.9 
12.3 
21.1 
24.0 
25.4 
23.5 
35.1 
37.1 
41.0 
37.7 
Mean 
11.3 
12.7 
14.9 
21.4 
25.3 
26.9 
34.8 
38.5 
43.6 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
CajjSQ = no fertiliser; Ca-gSig = 20 ky Ca (16 ky S)/ha and 
Ca^QS22 = 40 ky Ca (32 ky S)/ha applied as yypsum; Ca-S,g= 16 
kg S/ha and CagS,- = 32 ky S/ha applied as ammonium sulphate 
WS = Water-soaked; Py, = 0.02% pyridoxine; Py_ = 0.04% 
pyridoxine ;N. s . = Nor>-significant. 
DAS 
.D.at 
Ca 
Py 
CaxPy 
5% 50 
0.30 
0.23 
N.S. 
70 
0.90 
0.70 
N.S. 
90 
1.04 
0.81 
1.80 
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significant lowest value was recorded in the water-soaked 
treatment (WS) at all stages. 
Regarding interaction effects at 90 DAS, Ca2o^i6 ^ 
PY2/being at par\7ithCa^QS22 x PY2. gave significant maximum 
value. Control Ca^Sg x WS and Ca^S^ x PY, (having equal 
effect) proved significantly least effective. 
4.6.3.2.3 Potassium status 
The effect of basal application and of pre-sowing 
seed soaking treatments was found to be significant on this 
parameter at all stages. However, the interaction effect was 
significant only at 90 DAS (Table 112). 
At 50 DA6, all basal treatments had equal effect on 
this parameter, but the values were significantly higher 
than that for the control (Ca_SQ). At 70 and 90 DAS, Ca2QS,g 
being at par with Ca S^2' gave significant higher value 
than those for all other treatments, except Ca-^S^- which 
was at par with CaQS32 at 90 DAS. Further, the effect of Ca^S^g 
and Ca^S^o was equal at 70 DAS, while at 90 DAS, CaQS-2 gave 
significant higher value than Ca^S-g. The control (Caj^ S^ .) 
gave significant lowest value at all stages. 
A gradual significant increase in K status was noted 
from the control (WS) to the maximum concentration of 
pyridoxine treatment (PYj) at all growth stages. 
Regarding the interaction effect at 90 DAS, Ca2oSig x 
PY2 and Ca^ jjS^ j x PYj, being at par, gave significant 
 
 
 
 
 
  
 
 
 
Table 112 : Effect of basal calcium (Ca) and pre-sowing seed 
treatment with pyridoxine (Py) on potassium status 
(my/plant) of wheat var. HD-2204 at different yrowth 
stayes. 
(Means of three replicates) 
Soaking 
treatments 
WS 
PYl 
^^2 
Mean 
WS 
PYl 
py2 
Mean 
WS 
PYl 
^^2 
Mean 
c^o^o 
76 
102 
130 
103 
129 
171 
213 
171 
178 
268 
323 
256 
Basa 
^^20^16 
109 
121 
133 
121 
199 
224 
275 
233 
260 
329 
426 
338 
50 
70 
90 
1 dose 
^^40^32 
DAS 
104 
118 
129 
117 
DAS 
206 
220 
260 
229 
DAS 
252 
323 
410 
328 
^^0^16 
106 
121 
139 
122 
193 
214 
248 
218 
236 
313 
361 
303 
CaQS32 
102 
122 
144 
123 
184 
219 
250 
218 
240 
345 
370 
318 
Mean 
99 
116 
135 
182 
210 
249 
233 
315 
378 
N.B. : A uniform basal dose of 120 kg N, 30 ky P and 50 kg K/ha 
was applied as the time of sowing. 
CapSg = no fertiliser; Ca2QSjg = 20 kg Ca (16 kg S)/ha and 
^^40^32 ^ ^^ '^^  ^^ ^^^ ^'^ S)/ha applied as gypsum; Ca^S = 16 
kg S/ha and 03^822 = 32 kg S/ha applied as ammonium sulphate 
= Water-soaked; Py = 0.02% pyridoxine; Py_ = 0.04% 
ridoxine;N.S. = Non-significant. 
WS 
py 
DAS 
CD.at 5% ^° 
Ca 11.74 
Py 9.09 
CaxPy N.S. 
70 90 
10.74 12.25 
8.32 9.49 
N.S. 21.22 
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maximum value. ^^n^O ^ ^^ showed significant lowest 
interaction effect. 
4.6.3.2.4 Calcium status 
The effect of basal application and of pre-sowing 
seed soaking treatment was found to be significant on this 
parameter at all growth stages (Table 113). 
Ca.gS^o gave significant maximum calcium status while 
Ca^S,, and Ca^S-j showed equal effect on this parameter 
also. Control (CaQS^) gave significant lowest value. 
Pertaining to soaking treatment, PY2 gave maximum 
value which differed significantly with those for the rest 
of the treatments. Water-soaked control (WS) showed poorest 
effect. 
 
 
 
 
 
  
 
 
 
Table 113: Effect of basal calcium (Ca) and pre-sowiny seed 
treatment with pyridoxine (Py) on calcium status 
(my/plant) of wheat var. HD-2204 at different yrowth 
stayes. 
(Means of three replicates) 
Soakiny 
treatments 
ws 
py^ 
P^2 
Mean 
wn 
P^l 
py2 
Mean 
WS 
py^ 
py2 
Mean 
^^0^0 
68.15 
73.55 
76.05 
72.60 
108.15 
119.10 
125.80 
118.70 
168.35 
184.80 
188.40 
180.50 
Basal dose 
^^20^16 ^^40^32 
98.26 
100.70 
103.20 
98.85 
142.55 
153.20 
172.05 
155.95 
208.25 
224.80 
249.70 
220.90 
50 DAS 
98.05 
108.80 
110.75 
106.20 
70 DAS 
146.55 
159,80 
183.10 
163.15 
90 DAS 
224.90 
237.95 
240.55 
234.45 
^^0^16 
74.90 
82.40 
87.75 
81.00 
114.90 
124.80 
133.30 
124.00 
188.35 
190.75 
201.05 
190.10 
^^0^32 
75.00 
84.55 
89.90 
82.15 
115.70 
125.15 
135.00 
125.30 
180.00 
195.15 
198.05 
191.40 
Mean 
81.75 
90.25 
92.55 
145.40 
136.40 
149.85 
192.00 
206.90 
211.55 
N.B. : A uniform basal dose of 120 ky N, 30 ky P and 50 ky K/ha 
was applied as the time of sowiny. 
Ca^SQ = no fertiliser; CajQSj^ g = 20 ky Ca (16 ky S)/ha and 
^^40^32 ~ ^° ^^ ^^ ^^^ '^y S)/ha applied as gypsum; CagSj^  = 16 
ky S/ha and Ca^S^j = 32 ky S/ha applied as ammonium sulphate 
WS <=> Water-soakod; Py^ = 0.02% pyridoxine; Py- = 0.04% 
pyrldoxino;N.;;. Non-alyni f leant. ^ 
DAS 
C.D.nt 5% 50 70 90 
Ca 2.575 4,605 4.975 
Py 1.995 3.565 3.855 
CaxPy N.S. N.s, N.S. 
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CHAPTER 
DISCUSSION 
5.1 Introduction 
The study of the mineral nutrition of crop plant has 
assumed an increased importance today because the rapidly 
expanding population is placing additional demands on soil 
that have never before been experienced. As mentioned earlier 
(p. 5 ) calcium has a number of specialised agronomic uses. 
It is supplied generally as gypsum (CaSO..2H_0) in field 
condition for various crops and also functions as soil 
amendment. Recent research has suggested that the utility of 
gypsum may be extended to a greater range of soils and crops 
than previously acknowledged. However/ in the experiments 
under consideration, gypsum was used as a source of the 
calcium, than as a soil amendment, as the soil in the 
experimental site was slightly alkaline and the amount of 
applied gypsum was so small that it would not be expected to 
disturb the buffering capacity of the soil and to decrease 
the pH to a significant level (Table 114). 
At Aligarh, Samiullah and his associates, working on 
various growth promoting substances, succeeded in obtaining 
luxurient growth of the root system of various crops, 
including legumes (Samiullah eit a^ .-» 1988). They noted that 
among these substances, pre-sowing seed enrichment 
particularly with pyridoxine (vitamin Bg) enhanced not only 
root growth and nodule number but also resulted in enhanced 
yield and guality of cereals, legumes and oil crops (Afridi 
et al., 1985; Samiullah et al^ ., 1985; Ansari, 1986; Ansari 
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and Khan, 1986). However, it is noteworthy that the calcium 
requirements of crops have not received the attention they 
deserve, probably either because of its presence in many 
soils in sufficient quantities or due to its passive 
addition as a component of several common fertilisers such 
as calcium-containing superphosphates and CAN (calcium 
ammonium nitrate). 
In the following pages, an attempt has been made to 
consider the data of the six field experiments from the 
point of view of growth, yield and quality as affected by 
calcium application and pre-sowing seed treatment with 
pyridoxine. The various growth characteristics were found to 
be significantly affected by the treatments in all 
experiments. Growth of plant organs results from orderly 
cell division, expansion and differentiation and the role of 
calcium in cell wall synthesis and other plant processes is 
well known (Gauch, 1972). 
.2 Growth parameters 
The uptake and transport of calcium by the plant is a 
passive process (Epstein, 1972). Its higher concentration 
near the root zone in the present experiments at the early 
stages of growth due to basal application of gypsum may, 
therefore, be beneficial for the crops as the applied 
calcium would be expected to increase its availability and 
thereby, enhance the development of root. This is actually 
borne out by Table 15 and 68 for summer moong and Tables 32 
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and 84 for mustard. It may be pointed out that the optimum 
requirement of calcium (applied as gypsum) in the case of 
summer moong was found to be 10 kg/ha (Table 15) during the 
first year experiment while that of mustard was noted to be 
40 kg/ha (Table 32). In the second year trials (Experiment 
4 on summer moong and 5 on mustard) it was further 
established that root development was enhanced by both the 
cation (calcium) and the anion (sulphur) present in the 
applied gypsum (Tables 6B and 84). Similar observation, 
highlighting the role of calcium in enhancing root 
development has been reported by Howard and Adams (1965). 
Application of pyridoxine to seeds before sowing 
seems to have enhanced the level of the endogenous seed 
pyridoxine to an extent that gave an initial boost to the 
emerging seedlings, with additional amounts of the vitamin, 
the seedlings would expectedly continue to perform better 
even at later growth stages in all the three crops. For 
enhanced root growth, seed treatment with pyridoxine at a 
concentration of 0«3% was found to be beneficial for summer 
moong (Tables 15 and 68) and at 0.02% for mustard (Tables 32 
and 84). Thus confirming the earlier findings of Ansari 
(1986) and Samiullah et al_. (1988, and 1991). 
The observed increase in the growth of root of summer 
moong as a result of application of calcium and pyridoxine 
would be expected to provide additional surface area for 
bacterial attachment and subsequent establishment of 
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infection. This could be reason for the increased number of 
nodules observed in this crop (Tables 14 and 67). The 
requirement of calcium for rhizobial infection and 
initiation of nodules has been reported by Lowther and 
Lowragen (19 68) and Munns (1970) for other legumes. Ansari 
and Khan (1986) have also made preliminary observation on 
augmentation of nodule formation in summer moong while 
Ansari et ^ . (1990) have made a detailed study of this 
relationship in lentil. In present study (Experiments 1 and 
4)/ the optimum dose of calcium for nodule development was 
found to be 10 kg/ha (Tables 14 and 6 7). 
Increased root growth would naturally enhanced the 
absorption of water and minerals and thus result in vigorous 
shoot growth. This assumption gets additional support from a 
persual of Tables 12 and 65 on fresh weight and 23-26 to 
76-79 on the N, P/ K and Ca status of the plants in the two 
experiments. 
Another important parameter of growth is plant height 
(Tables 9, 27, 44, 63, 80 and 96) which clearly show 
enhanced vertical growth in all three crop as a result of 
calcium application. 
All the three crops responded to seed treatment with 
pyridoxine and it was found that while summer moong 
responded best to 0*3% pyridoxine (Tables 9 and 63), 
mustard (Tables 27 and 80) and wheat (Tables 44 and 96) 
required a lower concentration of the vitamin 
 
 
 
 
 
  
 
 
 
145 
(0.04%) for maximum effect. This observation confirms 
earlier reports by Ansari £t ^ . (1990) and Samiullah et al. 
(1991 and 1992). Increased plant height would provide an 
opportunity to the plant to produce more leaves. This is 
evident from Table 10 in the case of summer moong and Tables 
28 for mustard. However, wheat being monocot the increase in 
leaf number (Table 45) could be attributed to enhanced 
tillering as a result of calcium application and pyridoxine 
treatment (Tables 47and 98). 
Among the growth characteristics/ dry weight is the 
most meaningful as all physico-chemical activities 
culiminate in the production of dry matter. Any agrotechni-
que that enhances dry weight of a crop plant would, 
therefore, be welcome to the farmer. In the present study, 
application of calcium significantly enhanced the dry weight 
of summer moong (Tables 13 and 66), mustard (Tables 31 and 
83) and wheat (Tables 49 and 100) at various stages of 
growth. Dry matter production, being mainly dependent upon 
the photosynthetic activity of the plant, one would expect a 
positive effect of calcium application on net assimilation 
rate (NAR). This is, of course, evident from Tables 18 and 
71 for summer moong. Tables 35 and 87 for mustard and Tables 
52 and 103 for wheat. It may also be pointed out that not 
only the values for NAR but also for leaf area index (LAI) 
were higher in treatments containing calcium (Tables 11 and 
64 for summer moong. Tables 29 and 81 for mustard and Tables 
46 and 97 for wheat). It may be interesting to make an 
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observation here about the difference in the ability of the 
two dicot crops (sununer moong and mustard) on the one hand 
and monocot wheat on the other, with regard to dry matter 
production per unit leaf area. The higher efficiency of 
summer moong and mustard is evident from pig. 1. It may also 
be emphasised that among these two dicot crops the short 
duration summer moong crop was able to produce more dry 
matter inspite of a lower LAI than the long duration 
mustard. 
That there is a close positive relationship between 
dry weight and LAI, which is highlighted by correlation 
studies (Tables 1L5 for summer moong. Table 116 for mustard 
and Table 117 for wheat). 
5.3 Biochemical and chemical parameters 
It is well known that plants absorb inorganic nitrogen 
mostly in the form of nitrate and it is reduced to ammonia 
inside the plants before being incorporated into aminoacids. 
The first step in this chain is the reduction of nitrate to 
nitrite and is carried out by the enzyme nitrate reductase 
(E.C. 1.6.6.1.). In the present study, application of 
calcium did not enhance the NRA per unit leaf weight 
significantly. However, NRA was significantly higher in 
plants which received the pyridoxine seed treatment. This 
might be due to a direct involvement of pyridoxine in the 
synthesis of the said enzyme. Such enhancement of NRA by 
growth regulators, for example GA or GA + cytokinin has been 
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reported by Kende et al. (1971), Hirschberg et al^ . (1972). 
Fig. 2A depict the comparative build up of the 
various inorganic nutrients applied as basal fertilisers in 
the plant and their contribution towards dry matter 
accumulation by the three crops. Whereas Figs. 2A, 3A and 4A 
summarize the per cent increase in the dry weight as well 
as N, P, K and Ca status of the plants between control and 
best dose at the third sampling (Experiments 1-3}. Figs. 2B, 3B arid 
4B include also the individual contribution of Ca and S 
(Experiments 4-6 ) in summer moong, mustard and wheat 
respectively. 
From a persual of these figures, a few points emerge 
that are summarised below : 
1. The part played by the gypsum applied to each crop, is 
not only increasing the dry weight of the plants but also in 
enhancing their N, P and Ca status is substantial. It is 
thus established that gypsum plays a role in the nutrient 
economy of the plants, not only through its ameliorative 
(physical) role but also through its two constituents 
(calcium and sulphur). 
2. The above observation is evident inspite of the well 
known role of growth in decreasing the nutrient content of 
the plants the so-called "dilution with growth effect" 
(Yoshida, 1972). 
3. The applied gypsum brings about a reduction in the 
potassium status of the plants. The antagonism between 
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absorption and accumulation of potassium and calcium is thus 
clearly demonstrated. 
4. Whereas, the two dicot crops (summer moong and 
mustard) show similar pattern, the monocot crop (wheat) 
displays a remarkable ability to accumulate nitrogen (and to 
a lesser extent phosphorus). This demonstrates that the 
inherent (genetic) make-up of a plant plays a pronounced 
role in the absorption and accumulation of the mineral 
nutrient present in or applied to the soil in which they 
grow. 
5. The contribution of the sulphur, present in the 
applied gypsum, is also highlighted, particularly in the 
case of summer moong and mustard. As this nutrient is 
abundantly present in the stored protein of the seeds of 
summer moong and in the volatile oils and other compounds of 
mustard, the observation is not surprising. 
It may be claimed that some of these observations are 
a new addition to the available literature in the field of 
crop nutrition. 
.4 Interaction effect 
It was found that the interaction effect was non-
significant for most of the parameters studied and mainly 
the yield parameters and hence, the Ca requirement has been 
established on the basis of economic yield. In summer moong 
the interaction effect was significant at a few stages and 
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nutrient uptake and it was found that the requirement of Ca 
increased from 10 kg/ha to 20 kg/ha by pyridoxine treatment 
for all the nutrients except K. This might be due to the 
increased growth by pyridoxine treatment. In mustard and 
wheat it was found that the interaction effect on few of 
the growth parameters v/as found to be significant and it 
was found that due to increased efficiency of the pyridoxine 
treatment the requirement of Ca has increased at initial 
stages of growth. 
5.5 Yield and yield components 
The ultimate aim of every agronomic study is to find 
out the effect of fertilisers and other inputs on the 
economic yield of the crop. This yield is the cumulative 
effect of the yield components and can be expressed as 
follows : 
Y = NrNgWg 
where Y = grain yield; Nr = the number of reproductive units 
per unit of plant> Ng = number of grain per reproductive 
unit and Wg = the average weight per grain (Gardner et al., 
1985). 
The pet cent increase in the treatment receiving 
optimum Ca dose over control can be written as 
Yo - Yc 
- X 100 
^c 
where YQ = yield of optimum dose 
Yj, = yield of control 
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Percent increase = ^Nr^ Ng^ Wg^) - (Nr^ Ng^ Wg^) ^  ^^^ 
(Nrc Ng^ Wg^) 
As there was no significant difference between the 
effect of control and optimum treatment in the average 
seed/grain weight in each of the three crops taken in the 
six field trials, 
Wgo = Wg^. 
Hence, it may be concluded that the percent increase in the 
yield over that of control was mainly due to the 
reproductive unit per plant (Nr) and for the number of seed 
grains per reproductive unit (Ng), as explained belowl 
In summer moong, the number of seeds per pod was not 
affected by calcium application (Tables 19 and 72). 
Therefore, the higher yield was mainly due to the increase 
in pods per plant in both years of study. This is also 
evident from the correlation studies for Experiment 1 and 4 
(Table 115) the values for the relationship between yield 
and pods per plant being 0.9862 and 0.9507 and is also 
substantiated by taking into consideration the percent 
increase in yield and in the number of pods per plant. It is 
further to be noted that the contribution of calcium present 
in gypsum when compared to the sulphur control (Experiment 
4; Table 5) was almost about half of the total increase in 
the yield. This is not surprising as calcium is known to 
play a significant role in differentiation processes 
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(Hewitt, 1963) and was found to affect all growth parameters 
positively in Experiments 1 and 4. The same observations 
were made for mustard (Experiments 2 and 5) and wheat 
(Experiments 3 and 6) and data strengthen the above 
mentioned role generally ascribed to calcium. 
It is noteworthy that although the literature on the 
yield of rape seed-mustard, Galakiya and Patel (1986) have 
noted a positive response of groundnut to calcium 
application andZsoidos and Karvaly (1978) have made a 
similar observation for wheat and rice. 
Regarding the seed soaking treatment, . 0*3% pyridoxine 
solution for summer moong and 0.04% for mustrad and wheat 
proved optimum for most of the yield characteristics, 
including seed yield. The application of pyridoxine resulted 
in spectacular increase in seed yield. Summer moong, mustard 
and wheat had 24.05, 25.65 and 17.27% increase in yield over 
the control, during the first year and 17.61, 24.05 and 
22.01% respectively during the second. The pod per plant in 
summer moong and mustard and ears per plant in wheat were 
increased by 17.66, 27.29 and 34.82% respectively during 
first year and 18.61, 20.70 and 26.18% during the second. 
The seed per pod in moong and mustard and grain per ear in 
wheat were increased by 8.88, 12.10 and 38.47% during the 
first year and 6.88%, 15.07% and 42.07% during the second 
year respectively. The increased seed yield seems to be the 
result of increased pods per plant and seeds per pod in 
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summer moong and mustard and higher ears per plant and 
grains per ear in wheat as is highlighted by correlation 
studies (Tables 115, 116 and 117). Such a beneficial effect 
of pre-sowing seed treatment with pyridoxine on the 
productivity of legumes, oilseeds and cereals has also been 
reported by other workers from the author's laboratory 
(Afridi et al^ . ,198^ Samiullah et al, 1985, Ansari et al., 1990; 
Samiullah et a]^., 1991 and 1992). 
5 Nutrient use efficiency 
The percent increase over control in the N, P, K and 
Ca status and yield of the plants receiving optimum Ca level 
was calculated from the mean values of the two years data. 
The nutrient use efficiency was calculated by the following 
formula : 
Per cent increase in yield ,.. 
* X 100 
Per cent increase in nutrient status 
and the values obtained are given below : 
Crop 
Moong 
Mustard 
Wheat 
N 
40. 
50. 
64. 
.84 
.00 
.80 
Nutrient 
P 
38. 
46. 
91. 
used 
00 
30 
40 
efficiency 
K 
75.40 
137.80 
171.40 
(%) 
( 
32 
37 
102 
:a 
.00 
.30 
.30 
It is clear from the above table that, even in the 
treatments responding best to calcium application, the two 
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dicot crops (summer moong and mustard) were not able to 
utilize the N, P and Ca absorbed and accumulated by them for 
the conversion of photosynthates into economic yield to the 
same extent as the monocot wheat. On the other hand, utili-
zation of K for all three crops and that of P for wheat is 
evident. With low values of the Ca status, particularly in 
the case of summer moong and mustard, this is not surprising 
as calcium and potassium are known antagonists of each other 
(p.147 ). The comparatively higher utilization of all the 
nutrients by wheat, however, may be due to prolonged and 
concerted research focussed on breeding such cultivars of 
this premier crop as are more efficient in utilising various 
inputs, including nutrients. It seems reasonable to expect 
that other neglected crops, like summer moong and other 
grain legumes as well as oil seeds would also become more 
efficient in the use of nutrients if they receive similar 
attention of breeders. 
Application of Ca and pyridoxine did not improve the 
quality of the seed as the concentration of protein in 
summer moong and of oil in mustard and also of carbohydrates 
and protein in wheat was not affected by either of the 
treatments. However, when the total protein 3 oil or 
carbohydrate yields were computed (Tables 21, 74, 38, 90, 
56, 57, , 107 and 108) significant increase in these 
products was noted. This is very heartening as availability 
of increased amounts of these energy rich substances with 
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small inputs of calcium and pyridoxine could go long way in 
solving the problem of malnutrition, particularly in less 
developed countries of the third world. 
5.7 Conclusions 
1. A perusal of the data of the six experiments reveals 
that gypsum can be applied profitably in small 
quantities even in slightly alkaline soils to provide an 
inexpensive source of calcium. 
2. This is for the first time that this has been esta-
blished for such diverse crops as summer moong (a short 
duration grain legume), mustard (an oil seed) and wheat 
(a cereal). 
3. The calcium applied as gypsum proved beneficial in 
increasing the seed yield primarily through its positive 
effect on root growth that led to betterment of other 
(aobve ground) growth and yield parameters. This has 
also been reported for the first time by the present 
author. 
4. The N, P and Ca status of three crops was improved by 
the application of gypsum in which calcium played a much 
more dominant role than sulphur. Such a distinction 
between the contributica?. of the cation and anion of 
gypsum has not been reported so far. 
5. The optimum requirement of calcium for maximising yield 
under local conditions was found to be 10 kg/ha for 
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summer moong, 40 kg/ha for mustard and 20 kg/ha for 
wheat. 
6. Seed treatment with pyridoxine was confirmed to be a 
simple economical and efficient way to improve the yield 
of the three crops. 
7. The optimum concentration of pyridoxine was found to be 
.0«3%, 0.02% and 0.04% for summer moong, mustard and 
wheat respectively. 
 
 
 
 
 
  
 
 
 
CHAPTER 6 
SUMMARY 
 
 
 
 
 
  
 
 
 
CHAPTER - 6 
S U M M A R Y 
The present thesis comprises six chapters. In chapter 
1, the importance of the problem "Effect of calcium and 
application of pyridoxine on the performance of summer 
moong, mustard and wheat" has been described briefly. 
In chapter 2, relevant available literature 
pertaining to mineral nutrition and pyridoxine treatment of 
crops has been reviewed. 
Chapter 3 consists of the details of the materials 
and methods employed for the six field experiments and the 
relevant meteorological and edaphic conditions have also 
been included. 
Chapter 4 includes the detailed data regarding crop 
response (growth, yield and quality characteristics, 
biochemical and chemical characteristics). These were 
mostly found significant on statistical analysis at P > 
0.05. The salient data are summarised below : 
Experiment 1 (1992) conducted on summer moong var. T-44 
during "Zaid" (summer) season to study the effect of 
basally calcium and pre-sowing seed treatment with 
pyridoxine, alone and added in combination in the presence 
of uniformly applied 10 kg N, 30 kg P and 35 kg K/ha on (i) 
growth, (2) yield and quality, and (3) biochemical and 
 
 
 
 
 
  
 
 
 
157 
chemical parameters,_ the doses of calcium were lO(Caj^Q), 
20(Ca2Q) and SOCCa^Q) kg Ca/ha, with a no Ca control (Ca^) 
while there were two controls, viz. unsoaked (US) and water 
soaked(WS) for the pre-sowing seed treatment with 0.3% 
aqueous pyridoxine (PY) solution.Growth parameters were 
studied at 15, 30 and 45 DAS and NAR,_ CGR, RGR were computed 
at 15-30 DAS and 30-45 DAS. NRA and status of N, P, K and Ca 
were also studied at different growth stages.Yield and quality 
parameters were studied at harvest (67 DAS). 
Ca-iQ and PY proved optimum for most of the 
parameters studied with US and WS proving at par. The 
increase in seed yield of Ca,^ over Ca^ was 17.03% and that 
in PY over WS, 20.03%. Interaction effect was significant 
only on N status at 15 and 30 DAS, P status at 30 DAS, K 
status at 30 and 45 DAS, and Ca status at 15 and 30 DAS. 
Experiment 2 (1992 93) was conducted on mustard var. Varuna 
during rabi (winter) season. The aim of this field trial was 
to study the effect of four basal doses of calcium and of 
pre sowing seed treatment with pyridoxine, alone and in 
combination. The crop was grown with 90 kg N, 30 kg P and 30 
kg K/ha, applied uniformly at the time of sowing. (1) Growth 
(2) yield and quality, (3) biochemical and chemical 
parameters were studied at various stages of growth. The 
doses of calcium were 0 (Ca^), 20(Ca2Q), 40 (Ca^^) and 60 
(Cagjj) kg Ca/ha for pre sowing seed treatments two 
concentrations, viz. 0. 01% (PY^ )^ and 0.02% (PY2) of aqueous 
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pyridoxine solution were taken, together with the two 
controls (US and WS) as in Experiment 1, which again proved 
at par. 
Ca.r. proved optimum for most of the parameters 
studied except weight per plant and LAI at 70 DAS. PY-
proved optimum for almost all parameters. Except for fresh 
weight and dry weight at 70 DAS, the interaction effect on 
other parameters was non-significant. 
Experiment 3 (1992-93) was conducted on wheat var. HD-2204 
during "rabi" (winter) seasona to study the effect of four 
basal calcium levels, i.e. 0 (Ca^), 20 (Ca2Q)r 40 (Ca-^) and 
60 (Cagp) kg Ca/ha and of pre-sowing seed enrichment with 
two aqueous pyridoxine solution, i.e. O'Dli (PY, ) and 0.02% 
(PY-), alone as well as in combination, on growth (2) yield 
and quality and (3) biochemical and chemical parameters at 
various stages of growth. 
CajQ proved optimum for most of the parameters 
studied except height per plant at 70 and 90 DAS, leaf 
number at 50 DAS tiller number at 70 DAS and Ears/plant at 
harvest, for which Ca.- proved optimum PY^ proved best for 
almost all parameters. It may be noted that Ca^^ gave 34.4% 
higher grain yield than Cap and PYjf out-yielded WS by 
17.27% for this parameter. The interaction effect on the 
parameters was non-significant. 
 
 
 
 
 
  
 
 
 
159 
Experiments 4,5 and 6 : These field trials on summer moong 
var. T-44 (1993), mustard var. Varuna (1993-94) and wheat 
var. HD-2204 (1993-94) were designed on the basis of the 
findigs of Experiments 1,2 and 3 respectively. As the two 
cotrols for pyridoxine treatment in Exeriments 1,2 and 3 had 
proved at par, only one control (WS) was taken in 
Experiments 4,5 and 6. Also, the source of applied calcium 
being gypsum (CaSO..2H2O), that contains sulphur also, the 
observed beneficial effect could not be assigned 
un-equivocally to calcium alone. To remove this lacuna, it 
was decided to reschedule the basal doses of calcium. 
Experiments 4, 5 and 6 as under : 
Experiment 4 (Summer moong) : (1) control (Ca SQ) 8 kg S/ha 
as K2S0^ (CapSg) and (3) 10 kg Ca + 8 kg S/ha as gypsum 
(Ca^LoSg). 
Experiment 5 (Mustard) : (1) control (CaQSp); (2) 32 kg S/ha 
(Ca^S^j) and (3) 40 kg S/ha (Ca^S^g), both as ammonium 
sulphate; (4) 40 kg Ca/ha + 32 kg S/ha (Ca^QS32) ^"^ ^^ ^ ^° 
kg Ca/ha + 40 kg S/ha (CaggS^g), both applied as gypsum. 
Experiment 6 (Wheat) : (1) control (CaQSp); (2) 16 kg S/ha 
(CajjSj^ g); (3) 32 kg S/ha (Ca^S^j)/ both as ammonium 
sulphate; (4) 20 kg Ca/ha + 16 kg S/ha (CajpS^ ,^) and (5) 40 
kg Ca/ha + 32 kg S/ha (Ca^^S^j)' both applied as gypsum. The 
design of the all the three experiments was factorial 
randomised and the basal doses and sources of N, P and K 
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were retained* All the agricultural practices and sampling 
techniques employed in Experiments 4, 5 and 6 as well as the 
parameter studied were similar to those in Experiments 1, 2 
and 3 respectively. 
Data of Experiment 4 on summer moong revealed that 
basal application of Ca as well as S had a significant 
positive effect on almost all parameters studied. However, 
the combined effect of the two as gypsum was best and the 
contribution of S was far less than that of Ca. Among 
pre-sowing seed treatments, PY proved much superior to WS 
for all characteristics. 
In Experiment 5 on mustard, similar observations were 
made. However 40 kg Ca/ha proved superior to 60 kg Ca/ha. 
In results of Experiment 6 on wheat also showed a 
similar trend. Among the basal doses, 20 kg Ca/ha proved 
optimum. 
In chapter 5, the main results have been discussed in 
the laight of the findings of earlier researches in our 
laboratory and elsewhere. 
The present chapter is followed by an upto-date 
bibliography of the references cited in the text. 
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A P P E N D I X 
PREPARATION OF REAGENTS 
The various reagents used for biochemical deter-
minations were prepared according to the following methods. 
1. REAGENTS FOR THE ESTIBIATION OF PYRIDOXINE 
1.1 Chloroimide reagent 
100 mg crystalline 2,6-dichloroquinone chloroimide 
was dissolved in 250 ml isopropanol. The solution was 
stored in a glass-stoppered bottle in refrigerator and 
discarded if pink colour developed. 
1.2 Ammoia-aminonium chloride solution 
160 mg ammonium chloride was dissolved in 70 ml 
distilled water to which 160 ml ammonia-water (27% 
approximately) was added. The solution was diluted upto 1 1 
with distilled water. 
1.3 Boric acid solution (5%) 
5 g boric acid was dissolved in distilled water and 
the final volume was made upto 100 ml. 
1.4 Pyridoxine hydrochloride solution 
100 mg pyridoxine hydrochloride was dissolved in 
sufficient distilled water and the final volume was made 
upto 1.1 The solution was stored in an amber coloured 
bottle in refrigerator. 
 
 
 
 
 
  
 
 
 
11 
1.5 Buffer solution (pH 3) 
73 g sodium phosphate dihydrate and 167 g citric 
acid was dissolved in sufficient distilled water and the 
final volume was made upto 1 1. 
2. REAGENTS FOR THE ESTIMATION OF NITRATE REDUCTASE ACTIVITY 
2.1 Phosphate buffer (pH 7.5) 
(a) 13.6 g potassium dihydrogen orthophosphate (KH2P0^) was 
dissolved in sufficient distilled water and the final 
volume was adjusted upto 1 1. 
(b) 17.42 g dipotassium monohydrogen orthophosphate 
(K^HPO-) was dissolved in sufficient distilled water and 2 4 
the final volume was made upto 1 1. 
(c) 160 ml of solution (a) and 840 ml of solution (b) was 
mixed in order to get pH 7.5. 
2.2 Potassium nitrate (0.2M) 
2.02 g potassium nitrate was dissolved in enough 
distilled water and the final volume was made upto 100 ml. 
2.3 Sulphanilamide solution (1%) 
1 g sulphanilamide powder was dissolved on 100 ml 
3H HCl. 
2.4 NED-HCl solution (0.02%) 
20 mg NED-HCl N-l(naphthyl)-ethylene diamine 
dihydrochloric acid was dissolved in 100 ml distilled 
water. 
 
 
 
 
 
  
 
 
 
1X1 
3. REAGENTS FOR THE DETERMINATION OF N AND P 
3.1 Nessler's reagent 
(a) 3.5 g potassium iodide was dissolved in 100 ml 
distilled water to which 4% mercuric chloride was mixed 
with continued stirring till a slight red precipitate 
remained (about 325 ml of the solution was required). 
(b) 120 g of sodium hydroxide was dissolved in distilled 
water and final volume made upto 250 ml. 
(c) Solutions (a) and (b) were mixed together and diluted 
to 1 1 with distilled water. The solution was stored in an 
amber coloured bottle in refrigerator. 
3.2 Molybdic acid reagent (2.5%) 
6.25 g ammonium molybdate was dissolved i 75 ml ION 
HjSO.. To this solution, 175 ml distilled water was added 
in order to get 250 ml. of the above reagent 
3.3 Aminonaphthol sulphonic acid 
0.5 g l-amino-2-naphthol-4-sulphonic acid was 
dissolved in 195 ml 15% sodium bisulphite solution to which 
5 ml of 20% sodium sulphite solution was added. The above 
solution was stored in dark coloured bottle. 
4. REAGENTS FOR THE ESTIMATION OF CARBOHYDRATE 
4,1 Sulphuric acid (1.5 N) 
10.20 ml pure sulphuric acid (AR) was added to 
 
 
 
 
 
  
 
 
 
XV 
enough distilled water and final volume was made upto 250 
ml. 
4.2 Phenol (5%) 
5 ml distilled phenol was mixed with 95 ml distilled 
water 
5. REAGENTS FOR THE ESTIMATION OF PROTEIN 
5.1 Reagent A 
2% sodium carbonate was mixed with O.lN sodium 
hydroxide (1:1). 
5.2 Reagent B 
05% copper sulphate was added to 1% sodium tartrate 
(1:1). 
5.3 Reagent C (alkaline copper sulphate solution) 
It was prepared by mixing 50 ml reagent 'A' with 1 
ml reagent 'B'. 
5.4 Reagent D (carbonate-copper sulphate solution) 
Same as reagent 'C, except for the ommission of 
sodiiMn hydroxide. 
5.5 Reagent E (Folin's phenol reagent) 
100 g sodium tungstate and 25 g sodium molybdate was 
dissolved i 700 ml distilled water in which 50 ml of 85% 
phosphoric acid and 100 ml cone, hydrochloric acid was 
mixed. The flask was connected with a reflux condenser and 
boiled gently on a heating mantle for 10 h. At the end of 
 
 
 
 
 
  
 
 
 
the boilding period, 150 g lithium sulphate, 50 ml 
distilled water and 3-4 drops of liquid bromine was added 
to this flask. The reflux condenser was removed and the 
solution in the flask was boiled for 15 min. in order to 
remove excess bromine, cooled and diluted to 1 1. 
The strength of this acidic solution (1 N) was 
tested by treating it with 1 N sodium hydroxide using 
phenolphthalein as an indicator. 
 
 
 
 
 
  
 
 
 
